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Su m m a r y
It is well known that water supply and sanitation remain grossly deficient in low-income 
districts of cities throughout sub-Saharan Africa, with likely severe negative impacts on 
health. Most low-income communities depend on non-networked (on-site) sanitation; few  
African cities have an extensive sewerage system, but nonetheless city-wide sewerage is 
widely seen as the long-term aim by municipal planners. In recent years, some sanitation 
specialists have argued that low-cost sewerage can be an appropriate solution for African 
cities; others that sewerage is inappropriate, because of its high financial cost, requirement 
for well-resourced local governance, and purportedly negative environmental impacts. 
Against this backdrop, this thesis sets out to assess whether sewerage can be an 
appropriate solution for African cities, and if so in what circumstances. An expert opinion 
survey early in the research indicated that most sanitation specialists consider sewerage to  
be an appropriate solution in some situations. A meta-analysis of existing health impact 
studies confirmed that sewerage interventions typically have a substantial positive impact 
on health. A detailed outcome evaluation of the PAQPUD settled sewerage project in Dakar 
(Senegal) was performed, and this work was supported by shorter evaluations of sewerage 
pro-poorness in Accra (Ghana) and Nairobi (Kenya), and by a review of outcome evaluations 
of previous sewerage projects in African cities. This research concludes that sewerage can 
certainly be an appropriate solution for high-density low-income districts of African cities; 
the key requirement is that governance standards and institutional capacity be sufficient to 
ensure effective planning, implementation and long-term management of a networked 
sewerage system. Common "environmental" arguments against sewerage (including that it 
will substantially increase domestic w ater use) are judged to be over-stated. Capital cost 
will invariably be higher than for non-networked systems: but in certain habitat types, 
sewerage may be the only solution that prevents disease. It is difficult to generate 
geographically generalisable estimates of the lifecycle costs of sewerage, and impossible to 
achieve generalisable cost-benefit relations: so comparative cost assessments need to be 
done in specific contexts. The thesis offers recommendations for effective planning and 
implementation of sewerage programmes serving low-income districts of African cities, 
stressing the importance of approaches ensuring high connection rates and genuine pro­
poor targeting.
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1. In tro ductio n
It is well known that w ater supply and sanitation remain severely deficient in most cities in 
sub-Saharan Africa, particularly in low-income communities, as detailed in recent overviews 
such as the WHO/UNICEF (2006) report on progress towards the Millennium Development 
Goals (MDGs) and the AMCOW (2008) report "Can Africa Afford to Miss the Sanitation 
MDG Target?"
Over the period 1990-2004, the number of people in sub-Saharan Africa with access to  
improved^ w ater supply increased by 7%; but because of increasing population, over the  
same period the number of people without access to improved drinking w ater increased by 
23% (60 million) to 322 million, i.e. 44% of the total 2004 population. Trend projections 
indicate that by 2015 the number of unserved people will grow by a further 47 million, and 
at the current pace of development, sub-Saharan Africa will fail to reach the MDG drinking 
w ater target. (AMCOW 2008)
The sanitation situation is even more alarming. Over the period 1990-2004 , the number of 
people in sub-Saharan Africa without adequate sanitation increased by over 30% (107 m) to  
463 m, i.e. 63% of the total 2004 population. Trend projections indicate that by 2015 the  
number of unserved people will grow by a further 91 million, so that at the current pace of 
development sub-Saharan Africa will fail to reach the MDG sanitation target even more 
dramatically than it will fail to meet the drinking w ater target. (AMCOW 2008)
Are the MDGs useful and relevant?
There is ongoing debate about the utility of the MDGs. Critics argue that the quantitative MDG 
targets are often not indicative of genuine sustainable development (Attaran 2005), or even 
that the MDG focus over-states the severity of Africa's problems (Easterly 2007). Proponents 
counter that the MDGs have provided a useful stimulus for development progress (McArthur et 
al. 2005). In the present context, there is no doubt that simplistic targets may sometimes have 
created perverse incentives, favouring a focus on subsidised construction of latrines, rather 
than on genuine sustainable improvement in sanitation quality; indeed, the PAQPUD project 
evaluated in the present study could be criticised on these grounds (see Section 5.3.4.1). But 
certainly, progress towards the MDGs is certainly a useful metric when discussing long-term 
multi-country trends, as here.
Figure 1 shows the high relative importance of sub-Saharan Africa in terms of the global 
required sanitation effort: to meet the MDGs, on average 35 million people per annum
 ^The word "improved" Is used here in line with the WHO/UNICEF Joint Monitoring Programme (JMP) for drinking water 
supply and sanitation (WHO/UNICEF 2006). In line with the broader debate about the utility of the MDGs, there is ongoing 
debate about the utility of these definitions (for example, communal sanitation facilities are considered "unimproved", 
despite the fact that in some locations they have proved an effective solution) (WHO/UNICEF 2006). Nonetheless, for 
analysis of long-term trends at the multi-country level (as here), the JMP definitions are appropriate and useful.
need to be served between now and 2015, not much less than the 51 million people per 
annum in southern Asia (which has more than twice Africa's population). For Africa to meet 
the MDG target, the number of persons with adequate sanitation must more than double 
from 350 million in 2006 to 760 million by 2015 (AMCOW 2008); and even this will still 
leave almost 400 million people unserved.
Figure 1. Average papulation (millions) needing to gain access to improved sanitation each year in order to m eet the MDG  
target, over the period 2005 -2015. (From WHO/UNICEF 2006).
60
50
4 0
30
20
10
0
51
35
29
X T
Africa's projected sanitation deficit is particularly severe in urban areas. Over the period 
1990-2004  the urban population increased by 85%, and the number of urban dwellers 
without adequate sanitation doubled from 1990 to 2004. [In fact, in 2004 the number of 
people in rural regions of Africa without adequate sanitation was almost three times the  
number of urban people without adequate sanitation. However, because of the very rapid 
growth in urban populations, the number of urban dwellers without access to adequate 
sanitation is expected to increase by almost 50% over the period 1990-2015; this contrasts 
with a predicted decline of about 25% in the rural sanitation deficit (WHO/UNICEF 2006).]
The urban sanitation deficit is particularly severe in low-income areas, which range from  
high-density inner-city tenements to peri-urban squatter settlements. These areas are often 
referred to as slums, although clearly this term  can be used to cover a very diverse range of 
settlement types (for a useful discussion of uses of the word "slum", see Holden 2008). 
Such areas are estimated to house between about 40 and 70% of the population of African 
cities (WUP 2003). Slum sanitation is difficult and complex because of factors that may 
include irregular layout, poor infrastructure, difficult environmental conditions (notably 
frequent flooding), high population density, lack of secure tenure, sustained poverty, and 
inefficient governance (WUP 2003; WHO/UNICEF 2006). Although most primary and some 
secondary cities in sub-Saharan Africa have some sort of sewerage network, this typically 
serves only about 10-15%  of the population, and slums are rarely served (see more
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detailed discussion below). In general, most of the population use communal or household- 
level latrines, many of which do not m eet minimal public health requirements; in some 
cities significant minorities use bucket latrines, plastic bags ("flying toilets") or open 
defecation (WUP 2003).
The remainder of this section (subsections 1 .1 -1 .4 ) provides a brief introduction to urban 
sanitation in sub-Saharan Africa, including an overview of the main candidate sanitation 
solutions for low-income urban communities. Section 2 details the aims and objectives of 
this work. A more detailed discussion of sewerage solutions is given in Section 3.
1 .1 . W h a t  exactly is s a n it a t io n ?
Sanitation is often defined as a system or "chain" for a) the containment, b) the collection, 
and c) the treatm ent and disposal-or-reuse of human excreta and associated wastes (Potter 
& Klutse 2010). Along similar lines, a World Bank (2008) report defines a sanitation system 
as one that:
•  collects excreta and creates an effective barrier to human contact;
•  transports it to  a suitable location;
•  stores and/or treats it; and
•  reuses it and/or returns it to the environment.
Human excreta comprise faeces and urine; associated wastes include flushwater (in the  
case of flush toilets), anal cleansing w ater or dry anal cleansing materials (toilet paper, 
newspaper, other materials such as corn cobs), and greywater (kitchen, shower and laundry 
wastewater) (Tilley et al. 2008). In public health terms, however, the critical issue is faecal 
containment: the health risks associated with urine and greywater are much smaller than  
those associated with faeces (Stanwell Smith 2001). Thus effective sanitation fundamentally 
requires effective management of faeces and blackwater (faecally contaminated liquids).
Particularly in French-speaking countries, the concept of sanitation {assainissement) may 
have a broader meaning, referring not only to excreta and associated wastes, but also to  
storm water and solid wastes (garbage); and in dense urban contexts there are certainly 
close relationships between excreta management, storm water drainage and solid waste 
management. Here, sanitation will be taken to mean the containment, collection and 
treatm ent/disposal/reuse (TDR) of excreta and associated wastes, with a particular focus 
on faeces. However, identification of appropriate sanitation solutions may certainly require 
consideration of greywater (sullage) disposal and storm water drainage.
This concept of the sanitation chain leads to  a simple tw o-way classification of sanitation 
technologies as on-site or sewered. On-site technologies range from very simple pit latrines 
to  sophisticated septic tanks: in these technologies the excreta are maintained on-site. In 
sewered systems, by contrast, excreta are collected into a piped network and transported 
away from the site for TDR elsewhere.
This is of course a simplification, requiring some qualification. In true on-site sanitation 
solutions, liquid components of the waste will leach to the soil, and solid wastes will 
partially decompose before eventual disposal (e.g. by burying) on-site. Nonetheless, and 
particularly in dense urban communities, systems of this type often discharge faecally 
contaminated liquids directly to  open drains (i.e. open sewers), and periodic desludging and 
disposal of the sludge will generally be required. Thus in dense urban communities "on­
site" solutions are often not truly on-site; even the term  "non-networked" is problematic
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for latrines that discharge to open sewers and that require a citywide faecal sludge 
management system for effective function. Conversely, some sewered systems may have 
on-site components. Notably, in solids-free sewerage systems solids are retained in septic 
tanks on-site, and only liquids are drained to  the sewer network.
Here, "sewerage" will here be defined to mean any system in which faecal wastes, or at 
least blackwater, are transported off-site into a network serving a community of 
households. Sewerage terminology is further discussed in Section 3.1.^
 ^ "Sewerage" is the system; "sewage" Is the liquid and solid waste transported by a sewerage system.
1.1: What is sanitation?
1 .2 . W hy is s a n it a t io n  im p o r t a n t ?
Poor sanitation is almost certainly a major cause of disease in urban areas of Africa and 
elsewhere in the developing world; the qualifier "almost certainly" must be used in view of 
the methodological difficulties of conclusively demonstrating a cause-effect relationship. As 
further discussed in Section 5.2, rigorous demonstration of the health benefits of sanitation 
in present-day developing contexts is surprisingly sparse (see Fewtrell et al. 2005). 
Nonetheless, there is very strong evidence for significant health benefits (Fewtrell et al. 
2005; Esrey, Feachem & Hughes 1985; Esrey & Habicht 1986; Esrey et al. 1991; Waddington 
et al. 2008; Norman, Pedley & Takkouche 2010; see Section 5.2), supported by the very 
strong historical and theory-based grounds for supposing that, in dense urban communities 
with widespread faecal contamination of the local environment, improvements in 
sanitation will lead to substantial reductions in morbidity due to  faecal-oral diseases 
{historical grounds - McKeown & Record 1962; Preston & van de Walle 1978; theory-based 
grounds - Kolsky & Blumenthal 1995; Curtis & Kanki 1998; Priiss et al. 2002; Curtis et al. 
2003).
Diarrhoeal diseases in particular remain a major contributor to  general morbidity and 
mortality in middle-income and low-income countries worldwide (Black et al. 2003; 
Cairncross & Valdmanis 2006). W orldwide deaths from diarrhoea in children younger than 
five years are estimated at about 1 9  million every year, about 20% of total child deaths 
(Boschi-Pinto et al. 2008). In developing countries, 10% of the total burden of disease is 
estimated to be attributable to  poor water, sanitation, and hygiene, and about 60% of this 
is due to diarrhoeal diseases (Fewtrell et al. 2007).
Hutton & Haller (2004) note that there are "many and diverse potential benefits associated 
with improved w ater and sanitation, ranging from the easily identifiable and quantifiable to 
the intangible and difficult to measure". Hutton, Haller & Bartram (2007) carried out a 
global cost-benefit analysis^ of the economic benefits of improving w ater supply and 
sanitation. The benefits considered by these authors included tim e savings, gain in 
productive tim e, reduced health care costs saved due to  less illness, and prevented deaths. 
They found that the main contributor to  economic benefits was tim e savings associated 
with better access to  w ater and sanitation services, contributing at least 80% of the overall 
economic benefits: in other words, these authors judged the non-health economic benefits 
of w ater and sanitation im provement to be substantially greater than the monetised health 
benefits.
As discussed in later sections, there are grounds for questioning the methodological utility 
of cost-benefit analysis in this context (see Section 3.4.3), and for questioning the specific
 ^Briefly: cost-benefit anaiysis attempts to monetise all costs and all benefits of a given investment; the lower the costs with 
respect to the benefits, the better the investment in economic terms. Cost-effectiveness analysis is more modest: it 
predicts an investment's financiai cost per unit of outcome (e.g. $ per DALY saved), ailowing comparison of different 
proposed investments. DALY = disability-adjusted life year.
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assertion of Hutton, Haller & Bartram (2007) that health benefits constitute only a small 
proportion of the total economic benefit conferred by w ater and sanitation improvements. 
It is certainly the case that health benefits are not the only important benefits arising from  
sanitation improvements. However, it is im portant to distinguish between actors, and the  
corresponding reasons for their potential contributions to improving sanitation: notably, it 
is im portant to  distinguish between individuals, governments and donors. For individuals, 
non-health reasons (including prestige, and quality of life improvements especially related 
to  tim e savings) may often be much more important reasons for investing in sanitation than 
any perception of health benefit (see Budds et al. 2002): so it clearly makes sense for public 
education and sanitation marketing efforts to  focus on these reasons. Similarly, non-health 
benefits may be relevant in the context of lobbying governments to invest (Hicks & 
Kopitopoulos 2006). However, a major justification for sanitation investments by 
international donors (such as the major development banks and bilateral funding agencies 
like USAID, DFID and AFD) is impact on health.
This thesis will thus take as axiomatic (i.e. as a starting assumption) that a major reason for 
donor investment to improve sanitation in low-income communities is to improve health. In 
other words, if a proposed donor-funded sanitation intervention is not going to achieve a 
substantial im provement in health, then we might question whether that intervention is 
appropriate in a context of limited availability of finance for sanitation.
1.2: Why is sanitation im portant?
1 .3 . Sa n it a t io n  s o lu tio n s  for l o w - in c o m e  c o m m u n it ie s
Overviews of the diverse sanitation technologies available for low-income countries are 
given by Franceys et al. (1992), Mara (1996a), and W orld Bank (2008); also very useful is the 
Compendium o f Sanitation Technologies produced by Eawag-Sandec (Tilley et al. 2008). As 
summarised in Table 1, candidate technologies at the containment phase of the sanitation 
chain include pit latrines (notably ventilated improved pit latrines, including double-pit 
variants), dry-composting toilets (i.e. urine-diverting toilets, referred to as ecosan toilets if 
urine and/or composted faeces are used as fertiliser), and water-flushed toilets leading to  
pits, to  septic tanks, to  vaults, or to  settled, simplified or conventional sewerage systems. 
Toilet facilities may be within individual households, or communal facilities for small or 
large groups of households, or entirely public (see Norman 2011).
Table 1. Basic characteristics o f the major categories o f sanitation technology avaiiabie fo r low-income countries (adapted 
from  Tilley et al. 2008).
Technology Basic characteristics
1) Improved pit latrine User defecates directly into a pit, from which liquids seep into the soil. An 
"improved" latrine as per the JMP definition (see page 1) has a well-designed cover 
and raised ventilation. Variants are numerous and diverse, including lined latrines, 
twin-pit latrines, and raised latrines.
2) Dry-composting toilets User defecates directly to a dry chamber; urine Is diverted and a drying material (e.g. 
sawdust, ashes) is typically added to the faecal chamber at each use. In ecosan 
systems, the urine and/or composted faeces are used as fertiliser; though note that 
urine diversion has other potential advantages (notably that It reduces the rate at 
which pits and septic tanks fill up).
3) Water-flush to pit User defecates to a pedestal or squat toilet with pour-flushing. The wastes flow to an 
adjacent pit, like that of a pit latrine.
4) Water-flush to septic tank The wastes flow to a septic tank (i.e. a collection tank with associated soakpit for 
seepage of liquid components). "Aqua-privies" fall into this category.
5) Water-flush to vault The wastes flow to a watertight holding tank.
6) Water-flush to settled sewerage The wastes flow to an interceptor tank, where solids settle out and are retained; 
liquid components flow into a sewerage network for eventual treatm ent or 
untreated disposal.
7) Water-flush to conventional 
sewerage
Solid and liquid wastes flow Into a sewerage network for eventual treatm ent or 
untreated disposal.
8) Water-flush to low-cost sewerage As settled or conventional sewerage, but with systematic modifications designed to 
reduce the cost and complexity of construction and maintenance; see Section 3.1.1.
It should be stressed that the descriptions above relate to  well-functioning technologies: so 
for example a well-functioning pit latrine or septic tank should leach to  a permeable 
substrate; but in practice, and particularly in high-density low-income urban habitats, 
latrines and septic tanks may often discharge directly to open drains in the street.
Clearly, efforts to  improve deficient sanitation -w h e th e r efforts by individuals, by 
communities, by donor agencies or by governm ents- involve not just selecting appropriate 
technologies, but also diverse other types of decision. A key study of the complexities of 
w ater supply and sanitation provision in slum districts of African cities is the W ater Utility
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Partnership's 2003 report "Better W ater and Sanitation fo r  the Urban Pood’ (WUP 2 0 0 3 )/  
based on case studies in nine African countries (Côte d'Ivoire, Ethiopia, Ghana, Malawi, 
Mali, Nigeria, Senegal, Tanzania, and Zambia). This report focuses on examples of good 
practice, with particular consideration of organisational approach, financial strategy, and 
governance. Other useful overviews of the sanitation challenges and related problems 
faced by urban slum communities include Saywell (1996), Mwanza (2001), Jones (2005) and 
Holden (2008). Studies of sanitation in specific cities include studies of Dar es Salaam 
(Chaggu et al. 2002), Blantyre (Grimason et al. 2000), a Nairobi slum (Kimani-Murage & 
Ngindu 2007, Mugo 2006), a Harare slum (Makoni et al. 2004), various slum districts of 
Lagos (Nwangwu 1998), and various slum districts in Mozambique (Saywell 1998). Allen et 
al. (2006) summarise the findings of unpublished case studies of slum sanitation in 5 cities 
worldwide, including Dar es Salaam. For a comprehensive overview of the sanitation status 
of African cities, see the database by Norman (2010), currently maintained as an open- 
access resource by the International W ater Association (IWA).^
Some authors (e.g. Mara 1996a, pages 196-197; Niwagaba et al. 2006) have produced 
algorithms to  help decide which sanitation technology is most appropriate in a given 
situation; Mara notes that such algorithms are just an aid to  planning, and do not replace 
location-specific appraisal based on technical judgement and community involvement. A 
useful tabular summary of the different options and requirements for their use is given by 
DFID (1998, page 186).
Notwithstanding the complexity of real-life decisions, three major viewpoints can often be 
recognised regarding appropriate technologies for high-density low-income urban 
communities: authors who strongly favour pit latrines or water-flushed on-site solutions, 
authors who favour ecosan solutions, and authors who favour sewerage. These solutions 
are discussed in what follows.
1 . 3 , 1 .  La t r in e s  AND w a t e r - f l u s h  o n - s it e  s o l u t io n s
Latrines and other on-site solutions such as pour-flush toilets discharging to septic tanks 
collect solids and discharge a liquid effluent into the soil, or in dense urban settlements 
often directly to the open drains. The solids undergo some digestion, but in general the  
fresh nightsoil or semi-digested faecal sludge must be periodically removed, w hether by 
manual pit emptiers, by vacuum truck or some other procedure. In high-density low-income 
communities, as is well known, sludge-emptying services ("faecal sludge management" 
services) are often grossly deficient: faecal sludge is not removed, so that toilets overflow  
and become grossly unhygienic or unusable; or faecal sludge is removed, but is dumped  
locally with likely severe negative impact on public health.
 ^The WUP (W ater Utility Partnership for Capacity Buiiding) is a partnership organization founded by the Union of African 
W ater Suppliers (UAWS) with the training/networking organizations CREPA and TREND. The report was funded and 
coordinated by the European Union and the W ater and Sanitation Programme (WSP), a World Bank partnership organization. 
 ^www.iwawaterwiki.org/xwiki/bin/view/Articles/AfricanCitiesSanitationStatus
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Despite these common difficulties, many authors argue that on-site solutions are basically 
the only realistic option for low-income communities of African cities. For example, Schaub- 
Jones et al. (2006), of the organisation Building Partnerships for Development (BPD), states 
that "African cities [...] are growing at an impressive rate. Many of this new urban 
population will reside in mushrooming informal settlements, where the chances of 
connecting them  to  sewerage networks are slim. 'On-site' sanitation is thus their only 
recourse, which for many households means some variety of pit latrine. Yet despite on-site 
sanitation being the reality for the vast majority of Africa's urban population, much of the  
focus for policymakers is network sewerage."
A WUP (2003) report likewise favours latrines: "Although the high densities that are 
common in low-income areas suggest that sewered systems would be the option of choice, 
the higher costs associated with developing, connecting to  and using sewered systems, 
mean that this option is not accessible to  households in the short to medium term ". The 
report states that because of these economic barriers, and other common problems of 
slum settlements including lack of secure tenure and haphazard layout, "on-site sanitation 
will therefore remain the only viable option in many low-income settlements in the  
foreseeable future".
Similarly, the UK Department for International Development "Guidance M anual on W ater 
and Sanitation Programmes" (DFID 1998) states that "on-site sanitation is often (and should 
be) the first option when considering a sanitation intervention" (page 173). The manual 
also notes (page 173) that "conventional waterborne sewerage is expensive, in both money 
and water. It may be an enforced option for WS&S projects in inner-city areas, but in rural 
locations and wherever possible elsewhere, on-plot sanitation is the favoured cost-effective 
choice".
Well-functioning pit latrines are relatively cheap, and can be readily built with local 
technologies and simple skills. W here sufficient land is available, there is no need to empty  
a pit once full: the householder can simply dig another and cover the old one. In dense 
urban communities, however, pits are notoriously problematic. Pits in slum districts are 
often more heavily used, and thus tend to  fill more rapidly and to  have less favourable 
conditions for digestion (so that pits are more reasonably viewed as storage tanks than as 
digesters). Manual emptying is typically a highly unpleasant and degrading task with severe 
health risks for the emptier; often the wastes will be disposed of unhygienicaliy, by burying 
on-site or by tipping into the nearest available drain. Tanker emptying is likewise often 
problematic: tankers are often unable to  access pits in dense slum communities, and are in 
any case often too expensive for slum-dwellers to pay for; again, the sludge removed will 
often be disposed of unhygienicaliy. These problems are extensively discussed by Schaub- 
Jones (2005) in his report "Sanitation Partnerships: Beyond storage: On-site sanitation as an 
urban system", and in a series of associated BPD case studies (of Dar es Salaam, Durban,
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Maputo, Maseru and Nairobi^); in all five cities the lack of effective systems for pit emptying 
is a major problem. Schaub-Jones (2005, page 7) states that "in many communities [the on­
site sanitation system] breaks down and the waste is deposited into the environment in a 
manner that is neither hygienic nor in the broader public interest". Similar viewpoints are 
expressed in various papers presented at the International Symposium on Faecal Sludge 
Management (Dakar, Senegal, 9-12‘  ^ May 2006 (EAWAG-IWA-ONAS 2006). However, it 
should be stressed that neither the BPD authors nor the Dakar authors point to sludge 
management problems as an argument against on-site sanitation: rather, they argue that 
on-site sanitation is the only viable solution in the medium term , and explore ways of 
improving faecal sludge management.
These problems are compounded in slum communities subject to regular flooding and/or 
water table rise, as detailed below; indeed, some authors (e.g. Chaggu et al. 2002) have 
suggested that pit latrines are an inappropriate option for flood-prone slum communities.
Sanitation and urban flooding
Many cities in sub-Saharan Africa suffer serious flooding problems. As noted by Satterthwaite 
et ai. (2007), urbanisation reduces rainfall infiltration into the soil, leading to more intense 
runoff in response to rainfall events. In the developed world, this is rarely a problem because 
effective systems exist for stormwater drainage, and because planning ensures that naturally 
flooded areas are not built upon. But cities in the developing world rarely have effective 
drainage systems, relying on natural drainage channels: and it is common for buildings to be 
constructed w ithin these channels, thus obstructing drainage. In Dhaka, fo r example, many 
natural drainage channels are obstructed by buildings or roads (Alam & Golam Rabbani 2007). 
Similar problems are seen for example in Mombasa (Awuor, Orindi & Adwerah 2008) and Dakar 
(Mbow et al. 2008); see also the April 2007 issue o f Environment and Urbanisation. The 
situation is frequently exacerbated by inadequate solid waste collection (leading to obstruction 
of drains w ith garbage), together w ith inadequate drain maintenance.
One example of this type of situation is Lagos, as detailed in a recent World Bank project 
appraisal (World Bank 2006b), which states that "regular flooding of large parts of the city, 
including at higher elevations, is the single most important infrastructure problem fo r Lagos". 
According to  this report, 43% of households in metropolitan Lagos experienced flooding in their 
streets in 2005, and 16% experienced flooding inside their homes, w ith floods often sweeping 
raw sewage and refuse into the home: "flood waters are a black mix of run-off, overflowing 
sewage from backed-up drains, and swamp water". Similarly, about 45% of Dar es Salaam has a 
high water table and floods in the rainy season (Mato et al. 1997, cited in Chaggu et al. 2002). 
Other African cities reported to be vulnerable to seasonal flooding include Cotonou (Dossou & 
Glehouenou-Dossou 2007), Banjul (Jallow et al. 1999), and the six cities studied by Douglas et 
al. (2008), namely Nairobi, Kampala, Accra, Free Town, and Maputo (as well as Lagos).
Overflow o f latrines leading to faecal contamination of surface waters, and leaching of 
contents into groundwater, appear to be common consequences of flooding and water table 
rise in many African slum districts. Parry-Jones & Pickford (2005) note that problems of this 
type are commonly encountered by NGOs working in the field in countries including Angola, 
Mozambique and South Africa.
 ^Summaries of these case studies are available online at: www.bpd-waterandsanitation.org/web/w/ww/w_37_en.aspx
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In some cases the situation may be aggravated by residents: in Dar es Salaam, many pit latrine 
users deliberately take advantage of rainy-season floodwaters to flush out their latrines, with 
evidently negative health and environmental impacts (Chaggu et al. 2002; Schaub-Jones 2005). 
In the present research, householder surveys were carried out the Dakar district of Guinaw Rail 
Nord, subject to severe annual flooding and with soils waterlogged throughout much of the 
year: here the contents of flooded septic tanks are commonly pumped to open drains in the 
street.
These problems have been studied most extensively in Bangladesh, where severe flooding 
affects large numbers of people every year. Kazi et al. (1999) reported a survey study of latrine 
use in flood-prone areas of Bangladesh: they found that all latrines surveyed were inundated 
during flooding, and that 41% overflowed during other periods (mainly because of over-use 
followed by rain, or rise of the water table). Tyrie (2005) states that "despite a short term 
impact on MDG indicators, the current emphasis on low cost pit latrines [in Bangladesh] will 
not work in the long run because pit latrines are never flood proof and Bangladesh floods every 
year". Similarly, Chaggu et al. (2002), writing about Dar es Salaam, states that VIP latrines need 
sites that never flood.
As is well known, climate change may be leading to increased frequency and severity of 
flooding in some parts of Africa (IPCC 2007), and in fact urban flooding seems to be becoming 
an increasingly important problem independently of possible climate change, because of 
processes including slum encroachment into flood-prone areas (Douglas et al. 2008). Both the 
IPCC (IPCC 2007) and Satterthwaite (2007) suggest that flooding of latrines and consequent 
faecal contamination of urban floodwaters is the most important sanitation-related potential 
impact of climate change in Africa. This is not necessarily an argument against pit latrines 
(possible solutions include using flood-resilient latrine designs, or simply investing in 
stormwater drainage so as to prevent flooding): nevertheless, appropriately designed and 
maintained piped systems can be expected to be more flood-resilient than pits, and in flood- 
prone slum districts this is certainly an issue to take into account. In addition, as pointed out by 
Mara (2008), integration of sewerage and drainage systems may introduce additional cost 
savings.
Independently of pit-emptying issues, circumstances in which pit latrines may be 
inappropriate (M ara 1996a, DFID 1998) include:
•  insufficient space for latrine construction (in fact a latrine takes up no more space
than most other types of toilet; but space may be relevant if you need to dig a 
second pit, and/or if the household is too small to  allow a toilet of any type, as in 
the single-room rental accommodation which characterises extreme slums such 
as Nairobi's Kibera and Accra's Old Fadama)
•  high w ater table
•  low-permeability substrate
•  rocky substrate (making pit digging difficult or impossible)
•  w ater usage in excess of current wastewater drainage capacity
Pit latrines may lead to faecal contamination of groundwater that is used for drinking water 
supply, but this problem should certainly not be pre-supposed. Cairncross (1992) and
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Franceys et al. (1992) both note that while faecal contamination of groundwater supplies 
may occur as a result of leaching from pit latrines, this is probably less frequent than is 
often thought, and can be readily avoided by appropriate latrine design and appropriate 
well protection. Cronin et al. (2006), in a study in a large town in Mozambique, found that 
contamination of wells by faecal pathogens is generally attributable to  surface w ater influx 
(which can be avoided by appropriate wellhead protection) rather than gross 
contamination of the groundwater as a result o f seepage from pit latrines. An additional 
potential concern is nitrate contamination. However, nitrates in drinking w ater probably 
constitute a much smaller health risk than faecal pathogens; in line with this, the current 
W orld Health Organization guidelines on drinking w ater quality (WHO 2010) state that 
increased risk of infantile methaemoglobinaemia due to nitrates in drinking w ater is only 
seen when the drinking w ater is also contaminated with faecal pathogens.
1 . 3 . 2 .  D r y - c o m p o s t in g  s o l u t io n s
The South African sanitation researcher Holden (2008) argues against pit latrines and other 
solutions requiring sludge removal, on the grounds that neither communities nor 
authorities have shown themselves to be capable of maintaining effective systems for 
sludge removal, transport and treatm ent; he also argues against waterborne systems, 
apparently on the grounds a) that such systems rarely function effectively in present-day 
Africa, and b) that mixing faeces (a health hazard) with potable w ater and/or greywater (a 
useful resource) is not a sensible approach. He argues for ecosan solutions: "Toilets from  
which the product is removed and composted locally overcome most problems, w ith the  
final composted product being safely removed from the slum area w ithout the need for 
specialised equipment. This also allows for the composting of organic m atter thus removing 
a second factor in the transmission of disease from the environment."
Ecosan approaches for urban sanitation have been championed most notably by South 
African, German, Dutch and Scandinavian authors (Winblad & Simpson-Hébert 2004). Some 
authors present ecosan in frank opposition to  sewerage, which is judged to  represent a 
gross misuse of w ater (see e.g. Narain 2002). By contrast, the UK's DFID (DFID 1998 page 
185) squarely rejects ecosan: "Composting sludge with other organic m atter has been tried  
in a number of countries but is rarely a success because of the level of management 
required". Similarly, there are "a number of designs fo r recycling waste at the household 
level", but these "are not recommended for developing countries because of their cost, 
difficulties with operation, and maintenance and health hazards" (DFID 1998).
It is worth noting that dry or semi-dry toilets (with urine diversion, and no flush w ater or 
very-low-volume flush water) may be of interest not for resource re-use, but rather to  
minimise faecal (blackwater) contamination of the local environment and to  reduce sludge- 
removal frequency.
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1 . 3 . 3 .  S e w e r a g e  SOLUTIONS
The appropriateness of waterborne sewerage for African cities is particularly controversial. 
Existing sewerage systems in African cities generally serve only the business centre and 
wealthy residential districts. One estimate suggests that typically only about 10-15%  of the 
population is served (WUP 2003). As is well-known, many systems are grossly dysfunctional 
and ineffective: for example, a 1995 study of the Lusaka system constructed between 1956 
and 1980 reported numerous problems, including frequent blockages and overflows, 
together with insufficient funding and inadequately trained personnel (Majura & Banda 
1995). Similarly, Sa I if u (1997) reported that conventional sewerage systems in the Ghanaian 
cities of Accra, Kumasi and Tema were all malfunctional to varying degrees (see Section 
5.4.1).
In a review of the sanitation status of the 40 cities in sub-Saharan Africa with population of 
1 million or more (Norman 2010), I found that only four cities outside South Africa have 
significant and functional sewerage systems. These cities are Abidjan (Côte d'Ivoire), Dakar 
(Senegal), Nairobi (Kenya) and Khartoum (Sudan), all with large networks serving 10% or 
more of the popuiation: 10-35%  in Abidjan (640 km of network), 30% in Dakar (740 km of 
network), 28% in Khartoum, 10-35%  in Nairobi. Harare (Zimbabwe) also has an extensive 
system, but this is currently reported to be in severe disrepair. Another five cities (Conakry, 
Guinea; Dar es Salaam, Tanzania; Kampala, Uganda; Luanda, Angola; Maputo, 
Mozambique) have smaller systems, in several cases in severe disrepair. The remaining 25 
cities have never had a significant sewerage system (including Lagos, Africa's largest city 
with a population of 11 million), or have a decades-old system that is now more or less 
completely dysfunctional (e.g. Accra, Ghana). W ith very few  exceptions (Abidjan and 
Dakar), such sewerage systems as exist serve only the business/institutional centre of the  
city and nearby wealthy residential districts. Often waste is discharged untreated to a 
watercourse.
In line with this, many key actors consider that sewerage can rarely or never be an 
appropriate solution for African cities. M ajor summaries of current donor practice such as 
the DFID Guidance Manual (DFID 1998) and the WUP report (WUP 2003) indicate that, 
while sewerage may be necessary in some situations, on-site solutions will generally be the  
best choice. The World Bank's "Sanitation, Hygiene & W astewater Reuse Guide” (World 
Bank 2006a) states that "there is no credible evidence that a well-functioning sewerage 
system offers any public health advantage over any other well-functioning lower-cost 
sanitation system" (though this statement is not supported by the meta-anaiysis carried out 
as part of the present thesis; see Section 5.2). Some authors indeed regard sewerage as 
fundam entally anti-poor: for example, Allen & Hoffmann (2008) state that "efforts by 
policymakers and bureaucrats seem to  focus on network sewerage and centralised systems 
that do little to  improve sanitation in urban low-income areas". Paterson et al. (2005) state 
that "by virtue of its cost and w ater requirements, we would argue that conventional
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sewerage is an implicitly anti-poor technology"/ Similar views have recently been 
expressed by Cumming (2008) and Trém olet (2008). Cumming (2008) states that donor 
spending data "belie the true extent of the underinvestment in basic sanitation", since 
"finance is dominated by large-scale sewerage systems and w astewater plants". Trémolet 
(2008) states that 71% of the World Bank's sanitation budget goes to sewers and 
wastewater treatm ent, "i.e. not targeted on the poorest". The Bill & Melinda Gates 
Foundation -a n  increasingly im portant funder and opinion lead er- has recently stated that 
"due to the high financial and environmental costs of [waterborne sewerage], it is not a 
feasible long-term solution for the urban poor" (BMGF 2010).
Nevertheless, the DFID Guidance Manual (DFID 1998) states that "for areas where on-site 
sanitation is no longer a satisfactory option, the only realistic alternative is sewerage" (page 
185). The manual notes (page 173) that "conventional waterborne sewerage is expensive, 
in both money and water", but that "it may be an enforced option for WS&S projects in 
inner-city areas [...]".
Some authors have indeed argued that sewerage is the only effective solution for urban 
communities. They point out that sewerage systems function very poorly in African cities; 
but then so do non-sewered sanitation solutions. Notably, Hall & Lobina (2009) state that 
"Public services are essential for sustainable pro-poor development. For many years, public 
sector solutions to w ater and sanitation crises for the poorest people have been dismissed 
as unaffordable and idealistic. [...] Against conventional wisdom, [we believe] that the cost 
of implementing urban public sewerage systems is affordable and can be met through 
taxation for most countries".
Certainly the high capital cost of sewerage is a very significant concern: but alternative  
sewerage approaches developed in Brazil and Pakistan appear to  have achieved dramatic 
cost reductions, leading some authors -m ost notably Duncan Mara of the University of 
Leeds- to  argue that these low-cost sewerage approaches should be widely used in urban 
communities in Africa (see for example Paterson et al. 2005 and Mara 2008). As will be 
detailed in Section 3.1.1, these solutions use technical strategies (such as narrower pipes, 
shallower gradients and less frequent inspection points) and/or socio-organisational 
strategies (such as community financing, community construction and community 
maintenance) to  reduce the capital and running costs of local network construction, and 
thus to make sewerage more affordable for poorer communities (for an overview, see Mara  
1996b, 1996c). These approaches have been in use since at least the 1980s, but to  date 
have scarcely been piloted - le t  alone adopted at scale- in sub-Saharan Africa.
 ^Note, however, that these authors go on to argue that low-cost sewerage is an appropriate and pro-poor technology.
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1 .4 . W h y  THIS STUDY?
There is therefore broad consensus about the importance of urban sanitation, but no such 
consensus about the most appropriate solutions. In fact, researchers, practitioners, donors 
and decision-makers have widely divergent opinions about the most appropriate solutions 
to  use. There are very diverse reasons for this. One reason is of course that the suitability of 
different approaches varies according to context: so sanitation systems appropriate for a 
wealthy, flat city with arid climate will very probably not be appropriate for a poor, hilly city 
with humid climate. Indeed, the most appropriate sanitation solutions will typically vary 
from one district of a city to  another (Tilley et al. 2008). A second difficulty is in accurately 
quantifying and comparing cost-effectiveness. Thus in a given context we may be able to  
approximately predict the investment costs of diverse options (e.g. "no action", "urine- 
diverting latrines for 1000 households" or "sewerage for 1000 households"), but it will be 
very difficult or indeed almost impossible to  accurately assess the life-cycle costs and 
relative benefits of each option. Thirdly, there are complex issues of 
financeability/affordability: even if a given option can be clearly identified as the most cost- 
effective in terms of long-term economic benefit, it may be difficult to  obtain finance to  
cover investment costs (whether these be costs that need to  be covered by households, or 
governments, or some other actor). Fourthly, there are issues surrounding social 
acceptability: independently of "objective" considerations, we must necessarily consider 
the preferences and aspirations of householders^ and indeed of institutions. Finally, there  
are difficulties of interdependence: for example an acceptable system based on pit latrines 
may require sludge treatm ent facilities, which in practice will often be the wastewater 
treatm ent plants forming part of the city's sewerage system.
To date, and despite the judgements widely expressed about sewerage in the academic and 
sector literature, there has been no comprehensive assessment of the appropriateness of 
sewerage for low-income districts of African cities. As detailed in the next section, this 
thesis uses a multi-method approach to assess this issue, and the closely related and 
perhaps more im portant question of how: in other words, if we accept that sewerage can in 
some contexts be the most appropriate and pro-poor solution, what can be done to  ensure 
that government and donor investments in sewerage achieve maximal benefit?
 ^That is to say, there is broad consensus in the development sector and in academia that improving sanitation is important for 
improving health and quality of life in African cities, and this consensus usually extends to technical personnel in African 
local and national government. But it should be stressed that higher-level political decision-makers in African countries may 
not necessarily be deeply committed to improving sanitation for the poor, and this is of course very relevant to political
advocacy efforts. . , _ .
 ^Throughout this research reference is made to "householders", including owner-occupiers and tenants in both authorised 
and informal settlements, but not including homeless people. Certainly there are people in African cities who sleep on the 
streets, without any sort of permanent habitation structure. Where substantial numbers of people are in this situation, this 
certainly needs to be taken into account in urban sanitation planning (Joshi, Fawcett & Mannan 2011).
Section 1: INTRODUCTION
17
2. A im s  a n d  O bjectives
The central questions to  be approached in the present study are as follows:
1) Do sewerage interventions have a substantial impact on child health?
2) To what extent can sewerage be an appropriate solution for African cities?
3) Under what circumstances may sewerage solutions be appropriate?
4) W hat can be done to  improve the performance of sewerage programmes?
These questions will be explored using a multi-method approach with the following main 
objectives:
•T o  assess expert opinion regarding the appropriateness of sewerage for African cities.
•T o  perform a systematic review and meta-analysis of the health impacts of sewerage.
•T o  carry out a detailed process and outcome evaluation of the W orld Bank-financed low- 
cost settled sewerage schemes introduced under the PAQPUD sanitation programme 
in Dakar (Senegal). This is the first tim e that low-cost sewerage has been used on a 
large scale in an African city; this programme is thus of great interest for assessing the  
appropriateness of systems of this type in African cities.
•T o  carry out a brief study of sewerage systems in tw o other African cities (Accra and 
Nairobi), with the aim of assessing the potential pro-poorness of these systems.
W hat does "appropriate" mean? Briefly, a given sanitation solution will here be considered 
appropriate for a given urban context if it is cost-effective, financeable,^ pro-poor and 
sustainable: in other words, if it provides an effective means of faecal containment, 
affordable and at lower life-cycle cost than alternative solutions, serving the needs of 
poorer members of the community, and sustainable over a period of decades, particularly 
in terms of system maintenance. [This is a brief summary definition: a much more detailed 
analysis of the components of "appropriateness" is developed in Section 6.]
The structure of this thesis is summarised graphically on the next page. A more detailed  
exposition of study design, and of the study's specific scope and focus, is given in Section 4 
(page 40).
 ^Note that cost-effective is not the same as financeable. A soiution may be the most cost-effective solution over the long­
term, but its capitai costs may not be financeable (=affordable) for the individuals or organisations concerned.
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THESIS
STRUCTURE
DIAGRAM
oc Introduction
Aims [this section]
Background review
- of experiences to date with sewerage (including 
low-cost sewerage) in Africa and elsewhere, including 
systematic review of published donor evaluations of 
African sewerage projects;
- of evaluation methodologies, as background to the 
evaluations carried out in this study.
Study Design
Expert opinion assessment
Questionnaire assessment of 
expert opinion about the 
appropriateness of sewerage
for African cities.
FINDINGS Meta-analysisSystematic review of 
published studies o f the 
health impacts of sewerage, 
and meta-analysis of effect.
Evaluation of PAQPUD
Field evaluation (2009) of the 
outcomes of the PAQPUD 
settled sewerage project in 
Dakar.
Additional case studies
Short studies of sewerage 
systems in Accra (2009) and 
Nairobi (2011): to  what 
extent are they pro-poor?
Inference and recommendations
General conclusions and inferences 
drawn from these findings
Conclusions
Key conclusions summary
IMPQRTANT NOTE: Because of the distinct nature of study components 5A-5D, methods are 
described for each component separately (within Section 5), not in a dedicated methods section; 
likewise, some conclusions specific to  individual components are discussed in Section 5, while 
Sections 6 and 7 deal w ith inference, recommendations and conclusions relating to the overall 
research questions of this thesis (as detailed on the previous page).
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3. Background
3 .1 . Co n v e n t io n a l  a n d  l o w - c o s t  s e w e r a g e
This section will define "sewerage" and other key terms (including conventional, low-cost, 
simplified, condominial, shallow, small-bore, settled, solids-free, and solids-transporting 
sewerage). For the wider definition of the term  "sanitation", the reader is referred back to  
Section 1.1.
"Sewerage" is here defined to mean any system in which faecal wastes, or at least 
blackwater, are transported off-site into a network serving a community of households. 
["Sewage", by contrast, is waste carried by a sewerage system.] (M ara 1996c; Butler & 
Davies 2004; Tilley et al. 2008)
Sewerage systems as developed and used in Europe and North America comprise local 
networks feeding to  mains sewers and thence to  treatm ent plants and eventual marine or 
fluvial outfall; many European and North American systems have direct marine outfall with  
little or no treatm ent, and indeed in middle- and low-income countries, including many 
African countries, sewers often discharge to  rivers or lakes with little or no prior treatm ent. 
Sewerage may be combined (sewage and storm water drained together) or separate (only 
sewage). Combined systems are now rarely constructed (M ara 1996b). Separate sewerage 
systems depend on the flow of flushwater and greywater to  transport solids through the  
network.
Sewerage systems in high-income countries are typically solids-transporting: all faecal and 
associated wastes are piped away (Butler & Davies 2004). Sewerage systems may also be 
solids-free (settled): only liquids and small suspended solids are piped away, while larger 
solids and denser particles are retained in some sort of on-site interceptor tank. The 
PAQPUD project evaluated here introduced a solids-free system: most plots had an existing 
septic tank, and the project constructed an additional interceptor tank (Figure 2 page 20).
The precise cost of a sewerage system varies greatly from location to  location 
(Kalbermatten et al. 1982). Nonetheless, there is no doubt that -even  without sophisticated 
treatm ent facilities- sewerage systems are very costly to build (see e.g. Kalbermatten et al. 
1982; Mara 1996b; JMP 2000; Vargas-Ramirez & Lampoglia 2006). In response to  this, 
engineers and urban development specialists have strived to develop systems with lower 
capital costs, more appropriate for lower-income contexts: "low-cost sewerage".
3.1: Conventional versus low-cost
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Figure 2. Diagrammatic representation o f typical PAQPUD settled sewerage system components a t the plot level. One or more 
pour-flush squat toilets discharge to a two-chamber septic tank; this drains to an Interceptor tank; this drains In turn to the 
sewer In the street. [By contrast, a conventional sollds-transporting sewerage system would have neither septic tank nor 
Interceptor tank.] In the PAQPUD system. In-plot connections (IC l and IC2), the external connection (EC), and the street sewer 
were all generally 110-mm-dlameter PVC piping; the length and layout o f the connections o f course varies widely. This diagram 
shows the maximum provision: some households did not have an Interceptor tank and/or access chamber. Exactly what was 
constructed fo r each household (septic tank and/or Interceptor tank; and I f  either or both, what size) varied and depended on 
diverse factors Including household size (and thus estimated wastewater load), existing septic tank characteristics, the 
householder's wllllngness-to-pay, and the policy o f the project management and the contractor In each district. Septic tanks 
were generally about 1 .5 x 3  m, depth 1 - 2  m; but some were significantly larger or smaller. Interceptor tanks were generally 
about I x l m ,  depth 1 - 2  m. Greywater (from Indoor or outdoor sinks and showers) was In some cases discharged on-slte to a 
soakaway, and In other cases drained to the settled sewerage system.
Plot boundary
120 mm 0
Interceptor tank 
{Decanteur)
Septic tank
Toilet
Access chamber
3 . 1 , 1 .  W h a t  IS LOW-COST SEWERAGE?
Low-cost sewerage systems (Tayler 2004) use any of diverse strategies to reduce the capital 
costs of sewer network construction; these strategies may be technical or socio- 
organisational, and include the following (adapted and expanded from Mara 1996b):
Technical strategies
•  Small diameter pipes
•  Shallower gradients, shallower excavation depths
•  Rationalised layouts (e.g. "condominial" layouts; see Figure 3)
•  Simpler inspection points
•  Less frequent inspection points
•  Local materials
Socio-organisational strategies
•  Community financing or part-financing
•  Community construction, or contributions to construction
•  Community maintenance
Section 3: BACKGROUND
21
It is important to note that these strategies, and the term  "low-cost sewerage" more 
generally, refer to a reduction in the cost of local network construction: these local 
networks often drain to existing conventional sewerage systems. It is possible for low-cost 
networks to discharge to local low-cost treatm ent plants (such as small lagooning systems), 
and in such cases the whole network can be considered low-cost.^ Nonetheless, in general 
usage the term "low-cost sewerage" refers to strategies for reducing the cost of local 
network construction and associated household connection costs.
Figure 3. Schematic representation o f condominia! (a) versus conventional (b) sewerage layouts.
a) Condominial layout: a shallow sewer runs through plots 
from a single connection to the street sewer...
b) Conventional sewerage: each plot has a separate
m n n o r f i n n  c t r o o t  c o t n /û r
Note: This Is a schematic representation o f one type o f rationalised layout: but 
depending on the characteristics o f the local built habitat, layouts can be 
rationalised to reduce costs In diverse specific ways.
 ^Though again this is not straightforward, since in low- and middle-income countries we may often see a "conventional" 
sewerage network discharge to a low-cost treatment plant.
3.1: Conventional versus iow-cost
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A variety of different terms are used in reference to  low-cost sewerage, including 
condominial sewerage, simplified sewerage, shallow sewerage, and small-bore sewerage 
(see especially Mara 1996b). The term  "condominial sewerage" refers originally to the 
solids-transporting systems developed in Brazil, in which the locai networks are constructed 
within housing estates (condominiums). The term  "simplified sewerage" is generaily used in 
reference to solids-transporting systems, not settied systems, and can be considered a 
generalisation of the Brazilian condominial concept, whereby network layout is adapted in 
a cost-effective way to  dwelling patterns (see Mara 1996b). The term  "shallow sewerage" is 
again often used in specific reference to solids-transporting systems (e.g. in South Africa), 
though Mara (1996c) argues that it is equally applicable to  settled systems. Conversely, 
"small-bore sewerage" is often used in specific reference to  settied systems, but is equally 
applicable to  solids-transporting systems.
The design and construction of low-cost sewerage systems is discussed in depth by Mara, 
Sleigh & Tayler (2000), a detailed manual with associated PC-based design program; see 
also Mara (1996a), Mara (1996b), and Tayler (2004). A useful bibliography is maintained at 
the University of Leeds.^
Here, low-cost sewerage^ will be defined as a sewerage system designed in such a way as to 
reduce the financial cost and technical complexity of construction and maintenance. The 
system may be a solids-transporting or solids-free system. The system may receive wastes 
from individual household toilets, or from communal or public toilets. Once piped off-plot, 
the sewage may be eventually be treated in some way, or may be discharged untreated. 
The system may be separate or in some cases combined. Solids and/or liquids may enter a 
city-wide trunk sewer network, or may be piped only a relatively short distance.
The next tw o sections (3.2 and 3.3) review experience to date with sewerage -alm ost 
exclusively conventional sew erage- in African cities, then turn to  experience with low-cost 
sewerage worldwide (notably in Brazil and Pakistan, though prior to PAQPUD there have 
been small-scale applications in Africa). It should also be stressed that there are currently 
some interesting programmes underway in African cities, most notably the sewering of 
pubiic and communai toilets in low-income settlements of Nairobi; see Section 5.4.2.
 ^http://www.personal.leeds.ac.uk/~cen6ddm/simpsew.html
 ^Note though that the primary focus of this research is not low-cost sewerage per se, but rather pro-poor sewerage as 
defined on page 40; in other words, this thesis accepts that possibility that pro-poor impact may be most cost-effectively 
achieved by sewerage designs which are at least to some extent "conventional".
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3 .2 . Ex p e r ie n c e s  t o  d a t e : Se w e r a g e  in  A f r ic a n  c it ie s
A principal elem ent of this thesis is evaluation of one particular sewerage project in Dakar 
(Senegal). To put this in context, it is of interest to  assess how previous sewerage projects 
in African cities have performed. Have previous sewerage projects aimed for pro-poor 
impact, and if so have they achieved it? This section reviews previous ex-post evaluations of 
African sewerage projects, as pubiished by the funder (World Bank, etc.). First, though, a 
brief analysis of development spending on sewerage in Africa is presented: who are the  
major funders of sewerage projects in African cities? Full details of this analysis have been 
published in Norman et al. (2009).
3 . 2 . 1 .  A id  s p e n d in g  o n  s e w e r a g e  in  s u b -S a h a r a n  A f r ic a
Several recent publications have suggested that sewerage spending by major donors far 
outweighs spending on on-site sanitation. As noted. Gumming (2008) states that donor 
spending data "belies the true extent of the underinvestment in basic sanitation", since 
"finance is dominated by large-scale sewerage systems and w astewater plants"; Trémolet 
(2008) states that 71% of the World Bank's sanitation budget goes to  sewers and 
wastewater treatm ent. Gumming (2008) also suggests that "the trend for increased 
investments in large-scale infrastructure has become more marked in recent years as 
bilateral donors channel more financing fo r the sector through international financial 
institutions". In a brief review and analysis carried out in the early stages of this thesis 
(results reported in Norman et al. 2009), I set out to assess w hether it is true that donor 
spending on sanitation in Africa currently goes largely to sewerage and associated 
wastewater treatm ent plants. The analysis was based on available information about all 
African w ater and sanitation projects with a sewerage component listed in the OEGD 
Greditor Reporting System database for the year 2006. in fact this is not straightforward, 
since it is often not clear whether a given project has a sewerage component, so that 
consultation of project documentation and/or correspondence with donor organisations 
was often required. Notwithstanding these difficulties, these findings suggested that, in 
sub-Saharan Africa, sanitation spending is not massively dominated by sewerage projects: 
around 8% of the total WSS investment in 2006 w ent to sewerage and w astew ater 
treatm ent, roughly the same proportion as w ent to  on-site sanitation. Big spenders on 
sewerage were found to be the European Union, the African Development Bank, the W orld  
Bank, the German development bank KfW, and the French aid agency AFD; the UK aid 
agency DFID is not currently a major player (though note that the UK government through 
DFID is currentiy the major backer of the World Bank's soft loan arm, the IDA).^
 ^DFID press release 14.12.07 "UK to give record level of support to fight global poverty". Accessed online 12.5.09 at 
http://www2.dfld.gov.uk/news/files/pressreleases/UK-support-global-pverty.asp
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3.2.2. E v a l u a t io n s  o f  s e w e r a g e  p r o je c t s  i n  s u b -S a h a r a n  A f r ic a
In order to assess experience to  date in major donor-funded sewerage projects in African 
cities, a systematic search was performed with the aim of identifying ail Internet-published 
ex-post evaluations of sewerage projects in African cities that had been grant- or loan- 
funded by the World Bank, the African Development Bank (AfDB), the European Union (EU), 
the German development bank KfW or the Agence Française de Déveioppement (AFD). This 
search detected evaiuations dating back to  1987, of projects starting as early as 1977. As 
noted in the previous section, these five donors are currentiy the major external funders of 
African sewerage projects.^ Evaluations were identified and accessed for a total of 22 
projects (Table 2, page 26): 9 W orld Bank projects, 6 AfDB projects, 4 EU projects and 3 KfW 
projects. The review of these previous projects paid speciai attention to  pro-poorness: to 
what extent did these previous sewerage projects aim for and achieve pro-poor impact? 
This has been reported in Norman & Pedley (2011). Some (7/22) of the evaiuation reports 
are insufficientiy detailed to provide even a basic understanding of the nature of the 
sewerage component and/or of sewerage component outcome in terms of pro-poorness. 
Beyond this, no general conclusions can be drawn about evaluation quaiity: some 
evaluations are highly professional, others poorly detailed and clearly lacking in critical 
rigour. KfW and the EU are interesting models: the brief mid-term evaluations 
commissioned by these agencies are detailed and professional, show clear critical 
independence, and are in some respects more useful than ex-post evaluations.
The 22 evaluations deai with diverse types of sewerage project. Nine are evaluations of 
projects in small middle-income states (e.g. Cape Verde, Mauritius, Swaziland), where the  
challenges to  development can be considered less severe than in most African states; 
nevertheless, these evaluations are of interest, with many of the probiems arising being 
similar to those seen in lower-income contexts. Many of these projects included not just 
sewerage but also other components, most commonly w ater supply. Note also that most of 
the evaluations quite properly consider diverse institutional performance issues, but that 
these issues are generally not of direct relevance in the present context (for example, 
assessment of the lender's auditing procedures is clearly im portant to the lender, but not 
very relevant for identifying the particular issues facing sewerage projects). Here I focus on 
the sewerage components. The following générai conclusions can be drawn:
•  Projects in reiatively wealthy countries like Mauritius have generally received high 
ratings for institutionai capacity and for operational and financial sustainability; 
and similar results have been obtained in recent years for projects in countries 
which, although poor, have been able to develop capable WSS institutions (most 
notabiy Senegal). By contrast, evaluations of some projects clearly highlight major 
institutional weaknesses: for example, the Niamey Sewerage Project
 ^Note that this funding is in some cases grant funding and in some cases concessionary loan. Note also that in some countries, 
including South Africa and Sudan, nationai investment in sewerage is more important than external donor support.
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implemented in Niger in the 1980s was in a context of municipal institutions 
evidently incapable of dealing with a system of any complexity.
•  Most evaluations (18 /22) reported that infrastructure construction (networks, treatm ent
plants, etc.) had been satisfactorily achieved. However, 10/22 evaluations reported 
concerns about sustainability in terms of cost recovery and Operations & 
Maintenance, and others were unclear on this point: of the 15 evaluations classified as 
sufficiently detailed, only 6 judged financial/O&M  sustainability to be likely.
•  The great majority of evaluations reported concerns about low connection rates: in
other words, in most projects infrastructure construction was judged satisfactory, but 
insufficient households connected to the system. Many evaluations note that few  
poor households connected. For example, the 1987 AfDB evaluation of the Port Louis 
Sewerage Project Stage III (Mauritius) states that "the sewerage system is 
underutilised due to  the high costs of connecting to residential houses"; a scheme 
aimed at providing loans for sewerage connections "proved unsuccessfui due to  the  
fact that the terms of the loan are very hard"; the evaluation concludes that "most 
residents in the project area would like to be hooked onto the sewer system but 
cannot afford the necessary financial outlay". The 2008 World Bank evaluation of the  
Urban Sector Rehabilitation Project (Tanzania) states that little investment was made 
by the project (or others) to extend sewerage networks in the eight towns of this 
project, so that there was little increase in coverage ("from about 10 percent of the  
popuiation in 1996 to  about 14 percent in 2006"); the evaluation expiicitiy reports that 
the sewerage investment did not serve low-income households in Dar es Salaam, and 
indeed reports that "community consultations" for this project were carried out 
exclusively among householders already connected to  the sewerage network. The 
2005 KfW evaluation of the Eldoret Sewerage Project (Kenya) states that most 
connections were in the city centre, and only about 5% of households in poor districts 
were connected in 2008, despite expansion of the network into these areas; 
connection costs were reported to  be very high.
Also relevant to pro-poorness is whether a sewerage project also has components relating 
to  on-site sanitation. In particular, it will often make sense for a sewerage project to  include 
provision for the management and treatm ent of sludge from non-sewered sanitation 
facilities: exampies include sewered or non-sewered sludge holding tanks; designed and 
managed points for disposal of sludge directly to  a sewer main; and treatm ent plants 
designed for both sewerage and sludge. Only three of the projects reviewed included 
components of this type (see page 26): all three were relatively recent projects.
It is therefore clear that few  previous sewerage projects in African cities have served poor 
communities effectively. Nonetheless, some projects -including the Dakar p ro ject- have 
had significant pro-poor impact.
3.2: Sewerage in African cities
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3 .3 . Ex p e r ie n c e s  TO d a t e : Lo w - c o s t  s e w e r a g e
As noted, engineers in low- and middle-income contexts have developed modified 
sewerage systems designed to  have lower capital costs than "conventional" sewerage. Low- 
cost sewerage has been used at scale most notably in Brazil, in other South American 
countries, and in Pakistan. In what follows I will review evaluations of the Brazilian schemes 
and of the Orangi scheme in Pakistan, and also Vines & Reed's (1991/92) evaluations of 
some long-established small-scale settled sewerage schemes in low-density urban locations 
in Zambia and Nigeria. A useful overview of low-cost sewerage schemes in other cities in 
Pakistan and elsewhere in South Asia is given by Tayler (1996).
3 . 3 . 1 .  E v a l u a t io n s  o f  l o w - c o s t  s e w e r a g e  i n  B r a z il
Im portant evaluation studies of the Brazilian systems include Watson (1995) and Nance & 
Ortolano (2007). Melo (2005) presents a detailed description of the technical and social 
features of several major schemes, including schemes in slum areas of Rio de Janeiro and 
Salvador de Bahia; but this report, though useful, cannot be considered a critical evaluation.
Watson's (1995) W orld Bank report, entitled "Good Sewers Cheap?", is a major study 
conducted over 4 months in seven cities: four large cities (Natal, Recife, Brasilia and 
Cuiaba), tw o secondary cities (Petrolina and Joinville) and one small rural township. These 
locations are reported to account for about tw o thirds of the total of 75,000 condominial 
sewerage connections existing in Brazil in 1993. In all locations except Brasilia the  
condominial systems had been in place for at least 7 years, and in three cities (Brasilia, 
Petrolina and Recife) new condominial systems were being constructed, "permitting first­
hand observation of the community mobilisation and construction process". The author 
states that "some cities were selected because they were reported to work well (Petrolina, 
Natal, Brasilia, and Itapissuma), and others because they did not (Cuiaba and Joinville)". 
Five of the seven systems were built by municipal governments, and the other tw o were  
constructed by state w ater companies, "permitting analysis of different institutional 
arrangements". The study focuses on institutional issues, and does not claim to  present 
detailed empirical assessments of system performance or costs.^ The findings are based on 
analysis of project documentation and interviews with programme staff (municipal and 
state administrators, sanitary engineers, technical staff and labourers; local and state 
politicians; consulting engineers and construction firms), as well as with householders and 
community leaders, community activists and religious leaders. The performance of 
individual condominial sewerage systems in each of the 7 cities is rated as "good", 
"average" or "less satisfactory" based on qualitative assessments of physical performance, 
maintenance arrangements, level of institutionalisation of the system, and num ber of
 ^A more detailed case study was carried out in Petroiina, with the aim of obtaining detaiied construction and operationai cost 
data, technical performance information and customer satisfaction indicators. The results of this study are not included in 
Watson (1995).
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connections. Watson does not provide any indication of the number of residents 
interviewed in each city, nor of whether any form of random sampling procedure was used: 
given the broad scope of the study and the reiativeiy short fieidwork period, it seems likely 
that only a small number of householders were interviewed.
Watson's report concludes that in roughly half of cases, condominial sewerage performed 
as well as conventional sewerage, though costing between a quarter and a third. In 
addition, the unconventional layout options mean that these systems may reach customers 
living in high-density irregular settlements which have historically been excluded from  
conventional service. However, some systems suffered low connection rates, poorly 
constructed networks, and inadequate operations and maintenance. Unsatisfactory 
performance was attributed to the same problems affecting conventional systems: namely 
lax construction practices and inadequate or inappropriate agency efforts to involve 
customers in project planning and impiementation. W here community consultation was 
insufficient, connection rates were less than 40% of target, whereas when consultation was 
sufficient, connection rates of over 95% were obtained. Watson suggests that most of the  
problems associated with condominial sewerage "are institutional in nature rather than 
caused by an inherent design problem or an uneducated customer population, as some 
infrastructure pianners in Brazil have argued" (page 8). Political support and commitment 
was judged important, as was graduai acceleration of project pace driven by customers' 
demands. Watson's study is thus a useful broad evaluation, though it does not offer 
detailed information on costs and performance. The author notes that further research is 
needed on initial and recurrent costs, cost recovery, tariff poiicies, operations and 
maintenance arrangements, and health benefits.
Nance & Ortoiano (2007) present a more detailed evaluation of condominial sewerage 
projects in the cities of Recife and Natal in north-eastern Brazii, based on 10 months of 
fieldwork in 1994/1995 and foliow-up visits in 2006. This study is probably the single most 
useful prior model for the present PhD project; though note that their centrai research 
question was not "How weil are these systems performing?", but rather "To what extent is 
system performance associated with community participation?" By 1994 condominial 
sewerage had been in use in these cities for over five years, with 25 schemes in Recife and 
15 in Natal. Seven schemes were selected for study on the basis of the sewerage utility's 
prior rating of these schemes as having good or bad outcome, and good or bad community 
participation; at least one scheme in each of the resulting four categories (e.g. good 
outcome and good participation) was included. The evaluation follows a "multistakeholder" 
methodology discussed in detail in a previous paper (Nance 2005). This procedure invoived 
consuitation with residents in the project areas, with community leaders and elected 
officials, and with peopie involved at various levels of service provision. Residents were 
selected by random sampling of households within each project area; other participants 
were selected by "snowball sampling techniques" (i.e. non-random selection based on 
personal contacts, in much the same way as a journalist). Semistructured interviews were
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conducted with residents from 297 households and with 31 other stakehoiders. A sewer 
performance index (SPI) was developed and used by the authors. This was a single-value 
index derived from 20 indicators of "operational effectiveness" and 7 indicators of 
"impacts": operational effectiveness measures included for example operability of 
household connections and existence of sewer-line blockages caused by soil or solid waste; 
impact measures included ratings by residents of satisfaction with the sewerage system and 
direct observation of sewage on the ground (for full list, see Nance 2005). Interestingly, 
Nance (2005) found that high-level engineers were less consistent in their ratings of 
projects than project-area residents and field maintenance staff; maintenance staff also 
tended to be more critical of project performance than higher-level engineers.^
As noted, Nance & Ortolano's study focused centrally on whether "community 
participation" contributed positively to project outcome. To this end they also developed a 
detailed semi-structured interview protocol for householders, exploring participation at 
four ievels (initial mobilisation, decision making, construction, maintenance). The results of 
these interviews were combined with other types of information (including interviews with 
programme staff; see Nance & Ortolano 2007, page 291) to generate a single-value 
"participation index" for each level of participation. They conclude that community 
participation in initial mobilisation and decision making, but not in construction and 
maintenance, were significantly associated with better sewer system performance; though 
they recognise that their study design does not allow this conclusion to  be stated with any 
certainty.
Nance & Ortolano (2007) did not apply their sewer performance index to  all condominial 
sewerage projects in Natal and Recife. However, they note that most schemes in Natal 
were functioning reasonably well, while most schemes in Recife were functioning poorly: 
they attribute this mainly to the fact that Natal's sewerage schemes had been implemented  
by a single agency, with strong political commitment, while Recife's schemes had been 
implemented piecemeal by four different agencies. In Natal in 1995, "approximately 20 to  
25 percent of [the] population was connected to  either condominial or conventional 
sewers, and about 90 percent of the condominial sewer connections served low-income 
and poor residents"; most of the projects "functioned adequately and released collected 
sewage to  a suitable destination (e.g., a trunk sewer or a community septic tank)"; though 
they note that the central wastewater treatm ent plant was barely maintained. This 
assessment is in line with that of Watson (1995). By contrast, in Recife, "more than half of 
the forty-three condominial sewerage projects [...] had less than fifty household 
connections"; "a large proportion of projects barely functioned, and most projects w ere not 
designed with a suitable destination for the collected wastewater".
3 . 3 . 2 .  E v a l u a t io n s  o f  l o w - c o s t  s e w e r a g e  i n  P a k is t a n
 ^This is in iine with my own observations in Dakar (Section 5.3): iocai project coordinators were often criticai of project 
performance, whiie programme managers typicaiiy gave more favourabie reports. Locai coordinators are under pressure 
from househoiders to get the system working, whiie programme managers are under pressure from above to demonstrate 
that targets are being reached.
3.3: Experience with low-cost sewerage worldwide
30
A major prior example of low-cost sewerage, in many respects very different from the 
Brazilian experience, is the Orangi Pilot Project (GPP) in Karachi. A useful overview of the 
GPP, with specific and in-depth consideration of whether this model is replicable in other 
contexts, is that of Zaidi (2001). A useful recent publication from the GPP team is Hasan 
(2006). The Grangi district is a very poor settlement in Karachi, with a population of 1.2 
miliion. The Grangi Pilot Project (GPP) is remarkable in that it is a genuinely self-funded and 
self-propelled movement that has relied on local resources and local skills to  build 
hundreds of kilometres of extremely low-cost sewerage. By 2001 these had benefitted
92,000 households, almost 90% of the settlement. A total of 409 collector sewers had been 
built, and the community had invested about US$1.3m; according to  Hasan (2006), costs 
have been about 15% of what the same infrastructure would have cost by normal 
government procedures. The GPP has attracted great international interest as an example 
of genuinely community-led infrastructure development. Indeed, the GPP has been 
involved in iong-running disputes with the government of Pakistan and internationai donors 
(notably the Asian Development Bank), and in several cases it has successfully campaigned 
to  reduce or indeed prevent donor spending on sewerage projects in Grangi and elsewhere 
in Karachi, on the view that full community ownership is essentiai for project success.
Zaidi's (2001) report focuses on these social, institutional and political aspects of the GPP, 
mainly on the basis of expert interviews and existing documentation; it does not attem pt a 
detailed evaluation of system performance. There is a very brief statement indicating that 
visits to  Grangi showed evidence of broken manhole covers and blocked sewers ("although 
a very small percentage of all sewers laid"). The report also notes that Grangi has a natural 
slope, and suggests that if the terrain had been fla tter the project might have required 
outside support. An independent evaluation in the early 1990s (Vines & Reed 1991/92), 
based on a very small sample of householders (11) and on consultation with local experts, 
reported that "the programme has been a great success with most of the sewers fully 
utilised and well maintained". The author is not aware of more recent evaluations of 
system performance. However, Kevin Tayler (independent sanitation consultant, personal 
communication 2010) reports significant system quality and maintenance problems. It 
certainly seems to be the case that there is no treatm ent of the sewage collected in Grangi; 
according to  Hasan (2006), most sewage in Grangi and elsewhere in Karachi is discharged to  
open drains and nalas (seasonai stream beds).
3 . 3 . 3 .  E v a l u a t io n s  o f  l o w - c o s t  s e w e r a g e  in  A f r ic a
Low-cost sewerage has previously been implemented on a small scale in Zambia, Nigeria, 
South Africa and Ghana.
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Vines & Reed's evaluations of some small-scaie settled sewerage systems constructed in 
the 1960s in Zambia and Nigeria (Vines & Reed 1991/92) are of particular interest. These 
are brief evaluations, each based on visits of oniy about 2 weeks, invoiving interviews with 
local government staff and 10-20 householders in each location, in the first Zambian system 
(Kabushi district, Ndola), the interceptor tanks w ere full of compacted sludge, having never 
been emptied; nevertheless, the toilets appear to have been discharging, with solids 
presumably passing through the aqua privy and into the sewer; sewer biockages were  
cleared by the local authority, and the sewers appear to  have been functioning reasonably 
well; local authority staff stated that rags, hard paper, sticks and stones were the solids 
most commonly responsible for blockages, and that blockages w ere most frequent during 
the rainy season because of increased sand ingress. In the second Zambian system (M atero  
district, Lusaka) a similar situation was observed: the toilets appear to  have been functional 
despite the interceptor tank being full o f compacted sludge, and the sewers appear to have 
worked despite signs of blockage and sand ingress; again, the local authorities assume 
responsibility for basic sewer maintenance but not for tank emptying. The Nigerian system 
(New Bussa, Kwara State) appears to have been functioning very poorly: most of the  
sewerage network was in a very poor state of repair, with frequent w astewater overflow  
into the streets, while the system's tw o waste stabilisation ponds were receiving practically 
no sewage. This failure is reported to  be iargely due to  lack of maintenance: responsibility 
for maintenance is disputed between tw o organisations, but neither of them  receive funds 
for this purpose either from the community or from government.
A number of settled sewerage schemes have been constructed in South Africa. The 
performance of several of these schemes has been evaluated by the Division of Building 
Technology of South Africa's CSIR (Council for Scientific and Industrial Research; see Du 
Pisani 1998a, 1998b; Pegram & Palmer 1999; Tayler 2004). Most of these schemes have 
used existing septic tanks, though in some cases new tanks have been installed. Cost 
savings have been achieved through the use of small-diameter pipes (down to 63 mm) and 
shallow gradients. Tayier (2004) reports that in general they appear to  have been used in 
flat areas with relatively low-density deveiopment (i.e. not in high-density slums). UNEP 
(2002) states that there are 21 schemes of this type in South Africa serving over 16,000  
people in low- to high-income communities; however, M r John Harrison of the Durban 
W ater Service states in a personal email that he believes there to have been oniy one true  
settled sewerage scheme, in Marselle in the Eastern Cape (John Harrison, personai 
communication 2009) Another personal email from Dr Paul Jagals of the Tshwane 
University of Technology in Pretoria suggests that regardless of how many such schemes 
were actually constructed, most are probably now functioning badly (Paul Jagals, personal 
communication 2009). In any case the relevance of these schemes to  the present study is 
limited, since they have been built in low-density peri-urban communities.
Solids-transporting systems have been piloted in at least three locations in South Africa: in 
Emmaus and Briardale in Durban, and in the Orange Farm township in Johannesburg. All 
three projects have been affected by w ider poiitical problems, notably problems related to
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w ater supply pricing/ The appropriateness of solids-transporting systems in South Africa 
was analysed by Pegram & Palmer (1999). The Emmaus and Briardale pilots have been 
reasonably well documented by Brocklehurst (2001) and Esiick & Harrison (2004); in 
response to enquiries, I have aiso received usefui emaii clarifications from M r John Harrison 
and M r Neil McLeod of Durban M etro  W ater Services, both of whom were involved in 
project implementation. These pilots were managed by French multinational Lyonnaise des 
Eaux, who had previously managed the El Alto condominial sewerage project in La Paz, 
Bolivia; the Emmaus and Briardale projects were based specifically on this model. Both 
communities are in relatively low-density periurban areas, as opposed to high-density 
urban areas. The Emmaus project aimed to suppiy a condominial sanitation system to a 
community of 96 households with a rather wide range of incomes. The community part of 
the system was constructed in 2000/2001, but even now only a few  households have 
connected, on the understanding that political promises of "free w ater for all" meant that 
the authorities should pay w ater and sewerage connection costs. According to M r John 
Harrison (personal communication 2008) the system remains functional, albeit scarcely 
used. The Briardale project aimed to  supply a condominial system to  a new-built low- 
income housing development of 157 households. The community part of the system was 
again constructed in 2000/2001, but the housing development ran into wider probiems (the 
developer was unable to  register the scheme, so subsidies for w ater and sanitation could 
not be obtained): as a resuit, few  households ever connected, and according to M r John 
Harrison (personai communication 2008) the original network has been destroyed by the 
community and has been replaced by the authorities with "conventional" sewerage. Note 
that this report does not appear to be fully concordant with that of M r Neil McLeod 
(personal communication 2008), who says that both systems have functioned successfully, 
but that the originally-planned community maintenance failed, so that maintenance is now 
carried out by the utility. Likewise at odds with M r Harrison's report is a W ater Research 
Commission press release of 2 0 0 5 / which makes no mention of any problems, and states 
that both systems "have generally been well-received by participants".
The condominial sewerage project in the Orange Farm township of Johannesburg has 
likewise been caught up in political problems; indeed there has been a court case in which 
community activists fought for release of project-related information by Johannesburg 
W ater ("JW has also refused to  disclose [...] all internal reports on the Orange Farm pilot 
project in Stretford Ext. 4"; Freedom of Expression Institute 2004). However, a report of a 
study carried out in 2004 by Laila Smith (Director of Research and Evaluation in the  
Contract Management Unit, City of Johannesburg Metropolitan Municipality) (Smith 2006) 
indicates that, between 2002 and 2004, about 1400 househoids in Orange Farm were
 ^South Africa has a history of payment boycott, originating as a form of protest during the final years of apartheid. This has 
continued into post-apartheid, where it is viewed by some as an unjustifiable impediment to municipal services 
development, and by others as a justifiable response to poor services provision within an exploitative socioeconomic 
system. W ater and sanitation services provision has been further complicated by disagreement about the level of basic 
service that should be offered free of charge. One result has been the introduction of prepayment systems, though these 
too have often been met with political resistance. See for example Beall et al. (2000), Smith (2006), Westaway (2006), and 
Ruiters (2007).
 ^www.wrc.org.za/archives/news%20archive/2005/sewers_apr05.htm
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provided with yard taps and flush toilets connected to low-cost sewerage networks. In 
return for this service provision, households were required to  pay a $15 fee^ and to accept 
prepayment w ater meters. Subsequently, many members of the community rejected the  
prepayment meters and claimed that they had been misled: 44% of Smith's respondents in 
Orange Farm said that they did not provide prior consent to  having meters installed. As 
regards community acceptance of the Orange Farm scheme. Smith writes that "The 
sanitation infrastructure in these households is a shallow condominial sewer that has a 
tendency to clog more easily than fu ll waterborne sanitation, which has a deeper bowl to 
flush away coarse debris. The frequent clogs in the flush toilets in Stretford extension 4 have 
le ft many households unable to use their newly upgraded sanitation infrastructure. The 
public perception is that the incidence o f blocked individual toilets turns into a collective 
problem because the sewer system between houses is too short. The result is that when one 
household's toilet becomes blocked, the adjacent houses in that same row also become 
blocked. Survey workers observed houses where the toilets were not blocked, but the toilet 
system was not working because o f the sewer problems. The reason fo r  this blockage could 
be linked to the fa c t JW  tried to save on capital investment costs in this pilot area by using a 
smaller diam eter o f sewer pipe o f 100 millimetres, rather than the national standards set a t  
150 millimetres; the fo rm er does not o f course offer the same flow-through. JW  chose 
condominial sewers as an alternative level o f sanitation that had the benefits o f fu ll 
waterborne sanitation, but a t an affordable level since it  offered households sweat equity in 
return fo r  a high level o f sanitation. The "collective" elem ent o f this sanitation alternative  
demanded that househoids work together to maintain the sewers. When blockages 
occurred, they shared the responsibility o f unblocking them. While there m ay have been a 
perception by JW  that residents bought into this collective effort, in practice they have not 
been inspired to work together to unblock the frequently blocked sewers.”
In Ghana, a solids-transporting low-cost sewerage system was constructed in the mid 1990s 
for an area of 2- to  3-storey housing in the Asafo tenem ent area in the Ghanaian city of 
Kumasi. The project is described in very useful detail by Sa I if u (1997). Sa I if u reports that 
there were initial tariff-related problems: specifically, the increased w ater use associated 
with sewerage provision led to  marked increases in bills (in part due to  badly designed tariff 
procedures), but this issue was resolved and there appear to  have been no further 
problems. Personal communication from Dr Salifu indicates that this system continues to  
function well today, and this was confirmed by a visit to  Kumasi by the author in 2010: 
rapid evaluation based on short interviews with 10 randomly selected households indicates 
that the system is functioning well, and that over 90% of households are connected. Salifu 
(1997) notes the importance of high population density and thus frequent flushing for the  
long-term performance of this system.
 ^The $15 fee was possibly (?) a special arrangement for the Orange Farm pilot, since Smith notes elsewhere in her report that 
"In the case of permanent informal settlements, the city policy is to provide LOS 2—yard taps and pour-flush toilets. 
Households can then opt for LOS 3— metered house connections and conventional water borne sewers—for a JW fee of 
$108".
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3 .4 . Ev a l u a t io n  m e t h o d o l o g ie s
Given that a principal elem ent of this thesis is evaluation of one particular sewerage project 
in Dakar (Senegal), it is of interest to briefly review the methodologies that are available for 
evaluating sewerage project outcome and sewerage system performance.^ Evaluation 
research is a recognised sub-discipline within the social sciences, with a dedicated literature  
and close links with related professional organisations (for a useful introduction, see Clarke 
1999). A few previous evaluations of sewerage projects (e.g. Nance & Ortolano 2007) lie 
squarely within this sociologically oriented tradition; but most have been done within the 
more specific tradition of development evaluation, as outlined in Section 3.4.1. This 
tradition has certainly drawn on "sociological" evaluation research, but also has features 
reflecting other origins.
Three specific types of evaluation do not fall into either of these categories. Firstly, health 
impact evaluations are essentially epidemiological studies, governed by the rigorous 
procedural requirements for work in that field. Few broad evaluations of sewerage projects 
have included rigorous assessment of health impacts; most major health impact 
assessments have been carried out independently and published in epidemiology journals 
(see Section 3.4.2 and Section 5.2). Secondly, economic evaluations look at the costs, cost- 
effectiveness and cost-benefit ratios of sewerage projects (see Section 3.4.3): analyses of 
this type are often included within routine evaluations of sewerage, and are certainly of 
interest here. Finally, technical evaluations of system performance are typically applied in 
routine management or pre-rehabilitation assessment of existing sewerage systems; such 
approaches are not commonly used in ex-post evaluation, but nevertheless are of some 
relevance here (see Section 3.4.4).
3 . 4 . 1 .  G e n e r a l  d e v e l o p m e n t  e v a l u a t io n  m e t h o d o l o g ie s
In the present context we are primarily interested in the evaluation of major infrastructure 
projects partially or fully financed with low-interest loans or grants from international 
financial institutions like the W orld Bank and the European Union. A key document here is a 
set of principles published by the Development Assistance Committee (DAG) of the OECD in 
1991, containing the following definition: "An evaluation is an assessment, as systematic 
and objective as possible, of an on-going or completed project, programme or policy, its 
design, im plementation and results. The aim is to determ ine the relevance and fulfilm ent of 
objectives, developmental efficiency, effectiveness, impact and sustainability. An evaluation 
should provide information that is credible and useful, enabling the incorporation of 
lessons learned into the decision-making process of both recipients and donors" (DAC 
1991).
 ^The approach used in the present research to evaluate PAQPUD project outcomes is detaiied in Section 5.3.2.
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3.4.1.1.The DAC criteria
A useful overview of development evaluation procedures is that provided by the UK 
Department for International Development (DFID) (DFID 2005), which glosses the five 
evaluation criteria listed in the DAC principles as follows:
•  Relevance - The extent to  which the objectives of a development intervention are
consistent with beneficiaries' requirement, country needs, global priorities and 
partners' and donors' policies.
•  Effectiveness - The extent to which the development intervention's objectives were
achieved, or are expected to be achieved, taking into account their relative 
importance.
•  Efficiency - A measure of how economically resources/inputs (funds, expertise,
tim e, etc.) are converted to  results; i.e. cost-effectiveness.
•  Impacts - The positive and negative, primary and secondary long-term effects
produced by a development intervention, directly or indirectly, intended or 
unintended.
•  Sustainability - The continuation of benefits from a development intervention after
major development assistance has been completed. The probability of continued 
long-term benefits. The resilience to risk of the net benefit flows overtim e.
The evaluation departments of the major current funders of sewerage projects in Africa 
(European Union, W orld Bank, African Development Bank, KfW, Agence Française de 
Développement; see Section 3.2.2) all use the DAC principles and DAC criteria in their  
evaluations, though with minor modifications. For example, the W orld Bank replaces 
"impacts" with "institutional development impact" (the extent to which the project 
improves the ability of a country to make better use of its resources).^ KfW focuses on 
relevance, effectiveness and efficiency; "impacts" are subsumed within effectiveness, and 
sustainability is not considered as a separate criterion, but rather as an over-arching 
requirement for each of the three basic criteria.^
3.4.1.2.Types of development evaluation
Development project evaluations can be categorised in various ways, including a) by when  
they take place, b) by the type of evaluation process, and c) by the nature of the project 
evaluated. A typical classification of evaluations by when they take place is shown in Figure 
4. Note that major sanitation programmes in large African cities are often coordinated over 
a period of a decade or more by the national or municipal administration, encompassing
 ^World Bank, Independent Evaluation Group, web pages entitled "Evaluation Methodology", available online at 
http://web.woridbank.org/external/default/main?theSitePK=1324361&pagePK=64253958&contentMDK=20791122&menu 
PK=5039271&piPK=64252979 
 ^KfW Entwicklungsbank, web pages entitled "Ex-post Evaluation at KfW", available online at http://w w w .kfw - 
entwicklungsbank.de/EN_Home/Ex-post_Evaluation_at_KfW/index.jsp
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various projects from various donors; however, most published ex-post evaluations (see 
Section 3.2.2) are donor evaluations of specific projects, rather than recipient evaluations 
of longer-term programmes.
Figure 4. A characterisation o f development project evaluations by when they take place.
Ex-ante and midterm evaluations (annual 
reviews, interim reviews, end-of-phase 
appraisals).
Formative
Ex-post evaluation, including impact 
assessment.
Summatlve
Timing During implementation. After implementation has been 
completed.
Objectives Focus on improving the design and 
implementation of the intervention.
For reasons of accountability to funders 
and beneficiaries, for applicability to the 
design of similar future activities, and to 
optimise the use of budgetary resource 
in future.
Stakeholders Mainly for those managing the intervention, 
with their full participation.
Mainly for external stakehoiders not 
directly invoived in management.
The DFID (2005) manual states that the term evaluation "is usually reserved for 
independent, impartial, external evaluations conducted on completion of the project or 
programme", and this is the type of evaluation considered here. The manual also makes 
reference to participatory evaluation, emphasising the participation of key stakeholder 
groups (notably intended beneficiaries). In the specific context of sewerage evaluation, 
Nance (2005) argues strongly for participatory ("multistakeholder") evaluation, suggesting 
that "past practices [...] favored only expert stakeholder's perspectives and technical 
criteria". This is perhaps an exaggeration (several previous external evaluations have 
included consultation with intended beneficiaries, e.g. Vines & Reed 1991/92). However, 
Nance's critique certainly holds for some previous evaluations.
3 . 4 . 2 .  S p e c if ic  EVALUATION a r e a s : H e a l t h  im p a c t
As noted, health impact evaluations are rarely included in routine ex-post evaluations of 
sewerage projects funded by major donors. Overbey (2008) has reviewed the scant 
available data on health impacts of the World Bank's recent WSS projects. Specifically, she 
looked at the available Project Appraisals and Implementation Completion Reports for the 
117 W orld Bank WSS projects commenced over the past decade (FY97-06): of these, 29 had 
closed, and ICRs were available for 26. She found that about 50% of the 117 projects
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claimed potential health benefits, but that only about 20% actually planned to document 
changes in the prevalence or incidence of disease. Even few er projects specifically planned 
to assess health impacts in poor communities. Likewise, possible changes in hygiene 
behaviour (of great relevance to health) are rarely documented. She concludes that "the 
lack of information on the relation between World Bank investments in WSS infrastructure 
and health outcomes reduces the scope for improving the effectiveness of these 
investments and for understanding better the relation between health and WSS 
interventions in improving health outcomes among the poor". Overbey notes that one 
initial step to  rectify this would be to  ask staff and managers in the sector to identify the  
operational obstacles to improved collection of health outcome and behavioural data, and 
to  consider what resources and incentives would have to be put in place to ensure greater 
accountability for health outcomes, particularly among the poor.
M y own recommendations for incorporation of health impact evaluation into routine 
before-after evaluation of major sanitation projects are outlined in Schmidt, Gumming & 
Norman (2011).
3 . 4 . 3 .  S p e c if ic  EVALUATION a r e a s : C o s t s  a n d  c o s t - e f f e c t iv e n e s s
Given accurate assessments of project costs, immediate project outcomes (e.g. num ber of 
households served) and eventual project impacts (e.g. reduction in diarrhoeal disease 
burden), well-known procedures exist for assessment of the cost-effectiveness and cost- 
benefit ratios of sanitation options (see e.g. Hutton et al. 2009).^ Cost-effectiveness and 
cost-benefit analyses are typically performed before major w ater and sanitation 
interventions as a planning aid, and may also be performed retrospectively in ex-post 
evaluations.
As noted by Hutton et al. (2009), however, "there is limited published cost and economic 
evidence relating to  different sanitation options, and available evidence has not been 
systematically compiled". Often, even detailed evaluations of specific projects have been 
unable to accurately assess costs: for example, Nance (2005), in her evaluation of the low- 
cost sewerage projects in Natal and Recife (see Section 2.3.2 below), noted that "cost data 
[...] were not readily obtainable because the case studies were implemented in the late 
1980s and early 1990s, during an era of severe inflation in Brazil. [...] During that period, the  
price of a condominial sewer would need to be recalculated each month [...] One [...] 
project manager [...] reported that 'by the end of the project, no-one knew the true cost of 
any project evaluated at that time". Similarly, Vines & Reed (1991/92), in the ir brief 
evaluation of the low-cost sewerage system in Natal, stated that "it was not possible to  
collect data on costs but others have stated that condominial systems are 72% cheaper
 ^As noted, cost-effectiveness analysis is a financial analysis of cost per unit outcome (e.g. cost per household served), 
allowing comparison of different interventions with this outcome. Cost-benefit analysis is an economic analysis assigning 
economic value to benefits, allowing assessment of unitless cost-benefit ratios, and so theoretically allowing comparison of 
quite different interventions.
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than conventional sewerage". In a recent comparative financial and economic analysis of 
ecological sanitation, on-site latrines and conventional sewerage for African cities (Schuen 
& Parkinson 2009), it was reported to be very difficult to  accurately estimate full 
investment costs for sewerage infrastructure, so that costs were estimated using the model 
developed by Loetscher & Keller (1999). Schuen & Parkinson (2009) specifically highlight 
the need for additional work to assess whether low-cost sewerage technologies and 
decentralised wastewater treatm ent systems are comparable in financial and economic 
terms with on-site systems.
A recent attem pt to  provide global estimates of the costs of different sanitation options is 
that of Hutton & Bartram (2008). Investment cost estimates (in 2005 US$, based on 
updates of estimates reported by JMP 2000) are US$193-258 for sewerage and US$93-134  
for on-site sanitation, i.e. sewerage is estimated to  be about twice as expensive as on-site 
sanitation. Sewerage investments are assumed to have a lifespan of 40 years, versus 20 
years for on-site sanitation. Operation and maintenance costs of sewerage are estimated at 
US$8.2 -1 1 .0  per capita per annum, versus U S$4.7-5.0 per capita per annum for on-site 
sanitation.
The present study provides a check, in one specific location (Dakar), of whether these cost 
estimates are realistic. Is it true that sewerage systems cost about twice as much as on-site 
sanitation systems? Appraisal estimates of investment costs in Dakar's PAQPUD project (as 
at 2005) were 450,000 CFA francs [fCFA] per household for settled sewerage, versus
330,000 fCFA per household for the common on-site alternative (septic tank) (as at May  
2009, 1000 fCFA «  US$2.1; so US$945 for settled sewerage versus US$693 for septic tank) 
(Tounkara, Toure & Gueye 2008). Thus settled sewerage systems (i.e. sewered septic tank 
systems) were judged at appraisal to  be only 1.4 times more expensive than unsewered 
septic tanks. [Tounkara et al. do not clarify exactly w hat these cost estimates cover, but 
comparison with detailed estimates in one of the project's feasibility studies (for the Yoff 
scheme; Cabinet EDE 2006a) suggests that the estimate for settled sewerage covers all 
investment costs, including major infrastructure like pumping stations: this raises the  
question of why the estimate for septic tanks is so high by comparison.^]
M y estimates of the capital costs and cost-effectiveness of the Dakar settled sewerage 
schemes are outlined in Section 5.3.5. Note though that cost estimates for specific locations 
may not be readily generalisable (see Section 6.2.2.10).
 ^Tounkara, Toure & Gueye (2008) cites ICORE (2004) "Etude d'actualisation des coûts des ouvrages du PAQPUD", but I have 
not been able to locate this. For example, quick calculations based on costing estimates presented in the plans for Yoff 
district (Yoff Village and Yoff-Biagul, target coverage -2 5 ,000  people) -involving two new pumping stations and upgrading 
of tw o existing pumping stations, but no treatm ent plant because the system Is designed to connect to the main network- 
suggest that the spend on interceptor tanks was about 15% of the total.
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3 . 4 . 4 .  S p e c if ic  e v a l u a t io n  a r e a s : T e c h n ic a l  f u n c t io n  a n d  p e r f o r m a n c e
Ex-post evaluations of sewerage projects in development contexts do not usually focus on 
system performance, in part because these evaluations are typically done soon after 
project completion, with a consequent focus on indicators of project effectiveness (e.g. 
number of households connected) rather than on long-term performance.^ In high-income 
countries, however, procedures have evolved for ongoing assessment of the performance 
of existing sewerage systems. These procedures are reviewed by Nance (2005): examples of 
indicator sets used in procedures of this type are shown in Box 1.
Box 1. Sewer performance indicator sets from  the World Bank and the US Environmental Protection Agency.
World Bank (2004)
Sewerage coverage Percentage of population with direct service connections
Complaints Percentage of complaints/total sewer connections/year
Wastewater treatment Percentage of collected sewage receiving primary treatment
Total operating revenue U.S. dollars/connection/year and U.S. dollars/household/year
Percentage of gross domestic product Total annual operating revenue/population served/gross domestic
product/capita
Residential fixed charge U.S. dollars/residential connection/year
Charge ratio Average charge to industrial users/average charge to residential users
Connection charge U.S. dollars/residential sewer connection
US Environmental Protection Agency (2002)
Staffing level Number of employees per 1,000 customers
Personnel cost Personnel cost per customer
Sewer revenue Income from sewer system activities
Blockages Number of blockages per 10 km of pipe length
Overflows Number of sewer overflows per 1,000 consumers
Operation and maintenance costs Operation and maintenance costs per meter of pipe length
Rehabilitation Percentage of rehabilitated sewers per total pipe length
Complaints Number of written complaints
Pollution Number of pollution incidents at sewers
Collapses Number of sewer collapses per 1,000 km
Overflows Number of sewer overflows (except in extreme weather)
Renovations Length of sewers renovated
Replacements Length of sewers replaced
Total rehabilitations Total length of sewers renovated and replaced
Internal flooding Total percentage of properties reporting internal sewage flooding
Installation costs Sewer main installation costs per km
Rehabilitation costs Sewer main rehabilitation costs per km
Evaluation methodologies centred specifically on sewerage system performance (such as 
that used by Nance 2005) or on w ater and sanitation utility performance in a broader sense 
(considering both technical performance and financial/institutional performance; e.g. 
World Bank 2004) are of interest in the present context, but not directly applicable here. 
These "benchmarking" methodologies, originating from developed countries, focus on 
aspects of performance that are useful for ongoing monitoring of established large-scale 
organisations and networks; they are less closely suited for ex-post evaluation of specific 
interventions (as in the present evaluation of the PAQPUD project. Section 5.3).
 ^ Interesting exceptions are Vines & Reed's (1991a, 1991b, 1992) evaluations of small-scale settled sewerage schemes in 
Zambia and Nigeria, carried out about 30 years after system construction: see Section 2.3.2 below.
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4 . Stu d y  design
This section describes the overarching research design of this thesis. Specific details of 
design and methods for each research component will be given in Section 5.
This thesis defines its area of interest as pro-poor sewerage: piped sewerage solutions of 
any type (whether "low-cost" or "conventional", solids-transporting or settled, draining 
household or community toilets) that serve low-income communities. W ith this scope and 
in the context of sub-Saharan Africa, the key questions to which this thesis aims to respond 
(as already noted in Section 2 Aims) are as follows:
•  Do sewerage interventions have a substantial impact on child health?
•  To what extent can sewerage be an appropriate solution for African cities?
•  Under what circumstances may sewerage solutions be appropriate?
•  W hat can be done to improve the performance of sewerage programmes?
Again as noted in Section 2, I have approached these questions through a multi-method 
strategy, as summarised in Figure 5 and detailed on the next page.
Figure 5. Multi-method approach used In the present research: main study components, showing contribution o f each 
component to exploration of each o f the key questions o f this thesis. Other minor study components detailed on next page.
Meta-analysis of the impacts of previous 
sewerage interventions on enteric f 
infections [Section 5 2)
1) Do sewerage interventions have a 
substantial Impact on child health?
Assessment of expert opinion regarding 
the appropriateness of sewerage for 
African cities [Section 5.1)
Detailed evaluation of the outcome of a 
particular sewerage project (the PAQPUD 
project in Dakar, Senegal) [Section 5.3)
Short studies of the current/potential 
pro-poorness of sewerage systems in two 
other cities (Accra, Nairobi) (Secf/on 5.4)
2) To what extent can sewerage be an 
appropriate solution fo r African cities?
3) Under^what circumstances may 
sewerage solutions be appropriate?
4) What can be done to Improve the 
performance o f sewerage programmes?
Section 4: STUDY DESIGN
41
This multi-method approach aimed to achieve the advantages of both detailed specific 
analysis and wider comparative studies. Detailed analysis of one particular project (here the  
PAQPUD project in Dakar) provides empirical data on one specific case, and analysis of this 
type is likely to reveal aspects that broader studies will fail to  detect. But sewerage projects 
are clearly context-specific, and the success or failure of a particular scheme cannot be 
generalised in any simple way to  other locations. Broader studies provide firm er grounds 
for generalisation; together, the tw o approaches provide a basis for general inference.
The main components of this research (as summarised in Figure 5) are therefore as follows:
a) An assessment of expert opinion about the appropriateness of sewerage for African
cities: this work was carried out in 2008/2009. The findings were published in 2009  
(Norman & Chenoweth 2009), and are here reported in Section 5.1.
b) An analysis of the impacts of sewerage on enteric infections. This was a systematic
review and meta-analysis of previous studies of the impacts of sewerage on child 
diarrhoea and other enteric infections. This work, carried out in 2009, was published in 
2010 (Norman, Pedley & Takkouche 2010), and is here reported in Section 5.2.
c)An ex-post evaluation of the outcome of the settled sewerage component of the World 
Bank-financed PAQPUD project in Dakar (Senegal). This project was selected as the  
largest low-cost sewerage intervention to  date in sub-Saharan Africa. The fieldwork for 
this component was carried out in 2009. Findings have been published in Norman, Scott 
& Pedley (2011) and Norman & Pedley (2011), and are here reported in Section 5.3.
d) Additional case studies of ongoing sewerage projects in Accra and Nairobi. These were
short interview-based studies, with the primary aim of assessing the actual and 
potential pro-poorness of sewerage in these other contexts. Accra was selected as a 
city in which a major sewerage investment (the African Development Bank-funded 
Accra Sewerage Im provement Project, ASIP) is underway (though with little actual 
implementation to date). Nairobi was selected as a particularly interesting case, in that 
sewerage mains run close to  low-income settlements, and sewer lines are being 
extended into these settlements. This work is reported in Section 5.4.
Copies o f the above-cited publications deriving from  this research are attached as 
Appendices li, III, IV  and IV. In the case o f components (a) and (b), the results presented here 
are som ewhat less detailed than the published reports, in the case o f the PAQPUD study and  
the additional case studies, the results presented here are more complete than those 
published externally.
As noted in Section 2: because o f the distinct nature o f study components 5A -5D , methods 
are described fo r  each component separately (within Section 5), not in a dedicated methods 
section; likewise, some conclusions specific to individual components are discussed in 
Section 5, while Sections 6 and 7 deal with inference, recommendations and conclusions 
relating to the overall research questions o f this thesis, and a t some points explicitly include 
my own judgements and opinions.
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5. Fin d in g s
5 .1 . Ex p e r t  OPINION a s s e s s m e n t
During the first six months of this thesis, a formal assessment of prevailing expert opinion 
about the appropriateness of low-cost sewerage for African cities was carried out. This was 
done a) to  assist in identifying key questions for research, and b) because an understanding 
of sector opinion is of interest in itself. This assessment was based on a questionnaire 
written, piloted and distributed in January 2009 via Internet forums used by sanitation 
specialists worldwide. The questionnaire explored opinions about low-cost solids-free 
sewerage (settled sewerage), low-cost solids-transporting sewerage (simplified sewerage, 
condominial sewerage), and conventional solids-transporting sewerage. A total of 61 valid 
responses were obtained.
A very brief summary of findings is as follows. Considering the 61 valid responses: 83% of 
respondents considered low-cost sewerage to  be "sometimes" or "often" appropriate for 
lower-income districts of African cities, versus 17% who considered it "never" or "very 
rarely" appropriate. A significant minority of respondents (44%) considered conventional 
sewerage to  be "sometimes" or "often" appropriate. Thus low-cost sewerage is widely 
viewed as an option to be given serious consideration during urban sanitation planning in 
African contexts. However, most respondents consider it appropriate only in certain specific 
situations, and many expressed concern about costs and long-term maintainability.
A full report on the questionnaire findings was prepared in March 2009, and circulated to 
10 selected respondents^ asking them  to review the conclusions. Following this 
consultation, the final report was published in the journal Waterlines (Norman & 
Chenoweth 2010).
The following sub-sections report methods, results and conclusions of this study.
5 . 1 . 1 .  Ex p e r t  OPINION A s s e s s m e n t : M e t h o d s
The questionnaire was written with the explicit aim of assessing opinions and attitudes 
about low-cost sewerage. Questions about conventional sewerage were also included, for 
comparative purposes. The questionnaire started with a brief definition of terms. The 
questionnaire was administered within SurveyMonkey (www.surveymonkey.com), an 
online tool for creating, distributing and collecting responses from internet surveys. After 
piloting, the final version was circulated in January 2009 to several internet forums (the
 ^The 10 respondents, selected In view of strong knowledge and experience of urban sanitation, were Rasheed Abiodun Ayeni, 
Marc Boncz, Jeff Broome, Barbara Evans, John Harrison, Peter Hawkins, Richard Holden, Stephen Hugman, Jonathan 
Parkinson and Kevin Tayler.
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EcoSanRes group, ecosanres@yahoogroups.com; the W ater and San Applied Research 
group, water-and-san-applied-research@ jiscmail.ac.uk; the Urban W ater Supply and 
Sanitation Reform group, urbanwater@dgroups.org), and to  several closed groups via that 
group's administrator (the 'Sanitation and w ater management in developing countries' 
group of the International W ater Association; the ATPS [African Technology Policy Studies] 
network; WATSANET [W ater and Sanitation Network in Tanzania]; U WAS NET [Uganda 
W ater and Sanitation Network]; the TREND group [Ghana]; the W ater and Sanitation 
Association of Zambia). Note the deliberate inclusion of both EcoSanRes (which we might 
expect to be relatively 'anti-sewerage') and the World Bank-related Urban W ater Supply 
and Sanitation Reform group (which we might expect to be relatively 'pro-sewerage'). The 
questionnaire was kept online for about 2 months, during which tim e a total of 105 
responses w ere obtained; of these, 61 (58%) were classed as valid (i.e. with completion of 
most questions, and supply of a name and email). Most of the invalid responses consisted 
simply of an answer to  the first question ("For lower-income districts o f cities in sub- 
Saharan Africa, do you think that iow-cost sewerage is a) never appropriate, b) very rarely 
appropriate, c) sometimes appropriate, or d) often appropriate?"). Self-reported 
respondent characteristics (n = 61) can be briefly summarised as follows: 25% sanitation 
engineers or similar, 21% academic researchers, 13% NGO sanitation specialists, 8% 
sanitation consultants, 33% other (Question 24); 28% from sub-Saharan Africa, 25% from  
UK, 48% from rest of world (Question 23). Four respondents were from South Africa (where  
low-cost sewerage solutions have been piloted but with little success, for basically political 
reasons; see e.g. Esiick and Flarrison, 2004). Excluding South Africa and Mauritius, only 11 
respondents were currently working in sub-Saharan Africa, and of these only four were  
African nationals. Some potential African respondents may not have a sufficiently good 
internet connection to  enable completion of an online questionnaire, and in view of this I 
also distributed text-only versions. The small number of responses from African 
professionals may also reflect other factors (e.g. infrequent participation in email- 
administered forums). In addition, the questionnaire was only made available in English, 
not in French or other relevant languages.
5 . 1 . 2 .  Ex p e r t  OPINION A s s e s s m e n t : R e s u l t s
This sub-section presents findings considering the 61 valid responses (abbreviations: Q  = 
question, R = respondent; for example, Q1 = Question 1, see copy of questionnaire 
attached in Appendix II). Of the 61 respondents, 83% considered low-cost sewerage to  be 
'sometimes' or 'often' appropriate for lower-income districts of African cities; only 17% 
considered it 'never' or 'very rarely' appropriate (Figure 6) (Q l). Thus a clear majority of 
respondents consider that low-cost sewerage may be a serious option in some contexts. [If 
we consider the 41 invalid responses rather than the 61 valid responses, the percentage 
considering low-cost sewerage to be 'sometimes' or 'often' appropriate was somewhat 
higher (90%): this suggests that respondents who started but abandoned the questionnaire 
had broadly similar views, or indeed somewhat more pro-sewerage views, than those 
eventually included in the analysis.] In contrast, only 44% of the 61 respondents considered
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conventional sewerage to be 'sometimes' or 'often' appropriate for lower-income districts 
of African cities, versus 56% who considered it be 'never' or 'very rarely' appropriate 
(Figure 6) (Q7). Nonetheless, 44% is by no means a negligible proportion, as discussed 
below.
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Figure 6. Proportion o f respondents (n = 61) who considered low-cost sewerage (left) and conventional sewerage (right) to be 
"never", "very rarely", "sometimes" or "often" appropriate fo r low-income districts o f cities in sub-Saharan Africa.
Evidently, the appropriateness of any sanitation solution will depend on the environmental 
and sociodemographic characteristics of the city district under consideration. To explore 
opinions about this, respondents were asked whether they agreed or disagreed with the 
statements shown in Table 3 (page 45). Respondents showed some degree of consensus: a) 
that pit latrines are often problematic because of lack of space; b) that pit latrines often 
cause contamination of w ater sources; c) that the capital costs of sewerage network 
extension will be reduced if trunk sewers already exist nearby; d) that low-cost sewerage 
may be cheaper per capita than on-site solutions in settlements with high population 
density; e) that low-cost sewerage should be given serious consideration in areas with high 
w ater table or regular flooding; and f) that householders themselves will usually prefer 
waterborne sewerage over on-site systems.
Responses to other statements indicate lack of consensus and/or a recognition of context- 
dependence: thus for example some respondents think low-cost sewerage will tend to  
negatively impact the region's w ater resources (25%), others that it won't (36%), and still 
others that 'it depends' (36%).
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Table 3. Summary o f responses to Question 2 o f the questionnaire (see Appendix i), in which respondents were asked to agree 
or disagree with each o f statements a-p. A "maybe" option was also offered ( “if  you're not sure or it  depends"). The responses 
were then scored with 1 fo r each "agree" response, 0 fo r  each "maybe" response, and -1 fo r  each "disagree" response; so 
mean scores dose to 1 or -1 indicate consensus. The statements were originaiiy listed in an arbitrary order; here they are listed 
in order o f mean score magnitude. M ost statements were rated by ail 61 respondents; four were rated by only 60 or 59.
STATEMENT AGREE MAYBE DISAGREE SCORE
a) "In dense urban settlements, plot sizes are often so small that there 
is no space to dig new pit latrines."
72% 21% 7% 0.66
b) "Pit latrines are often a big problem in dense urban areas because 
they cause faecai contamination of water sources."
67% 26% 7% 0.61
c) "If trunk sewers already exist nearby, the capitai costs of network 
extension will be relatively low."
59% 38% 3% 0.56
d) "In settlements with high population density, low-cost sewerage 
may be cheaper per capita than on-site soiutions."
59% 36% 5% 0.54
e) "Low-cost sewerage should be given serious consideration in areas 
with high water-table or regular flooding."
61% 25% 15% 0.46
f) "Househoiders will usually prefer waterborne sewerage over on-site 
systems."
51% 38% 12% 0.39
g) "It will probably be difficult to achieve adequate community 
involvement for low-cost sewerage projects."
18% 30% 53% -0.34
h) "Domestic water supply will usually be insufficient (or too 
intermittent) for proper function of iow-cost sewerage."
50% 33% 17% 0.33
i) "Low-cost sewerage systems wiii probably fail because of poor 
maintenance."
43% 48% 10% 0.33
j) "If pit emptying systems are faiiing severely, low-cost sewerage 
should be seriously considered."
48% 34% 18% 0.30
k) "The capitai costs of low-cost sewerage systems will invariably be 
too high."
14% 46% 41% -0.27
1) "Low-cost sewerage is oniy appropriate in communities that 
produce iarge volumes of greywater (sullage)."
27% 23% 50% -0.23
m) "Waterborne sewerage will probably lead to Increased pollution of 
rivers and other water bodies."
38% 44% 18% 0.20
n) "The overali water requirement for low-cost sewerage will be too 
high, exacerbating city-level or regional water scarcity."
25% 39% 36% -0.11
o) "Low-cost sewerage solutions wiii rarely be pro-poor because of 
inadequately secure land tenure."
28% 40% 33% -0.07
p) "Most householders won't be willing or able to pay for operation 
and maintenance of a iow-cost sewerage system."
30% 46% 25% 0.05
Related to this lack of consensus on some items, several respondents pointed out that it is 
difficult to generalise about the appropriateness of low-cost sewerage. Several respondents 
stressed that decisions about the possible introduction of sewerage require detailed 
context-specific analysis: so, for example. Respondent 2 (Q12) states a need for 'preliminary 
anaiysis taking into account a) urban design and constraints, b) rainfail and drainage, c) soil 
Infiltration capacity, d) size o f household plots, e) household and communal affordability, 
a n d f) alternative on-site solutions inciuding ecosan solutions'.
Low-cost sewerage versus conventional sewerage  - It is worth noting that one respondent 
queried whether low -cost sewerage' is a meaningful term . Specifically, Respondent 62 
wrote: "when all the costs are added up (toilet, structure, household pipes, township 
reticulation, outfall sewers and works), there is m inimal difference between w hat is called 
low-cost and conventional sewerage". This statement perhaps reflects tw o separate 
judgements: a) that low-cost sewerage is often dependent on existing or required
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infrastructure (trunk sewers, treatm ent plants, etc.) that is not taken into account in 
costings; and b) that many of the cost-reducing features of low-cost sewerage (narrower 
pipes, community labour, etc.) are false economies in that they may reduce performance 
and/or increase life-cycle costs. So Respondent 62 states that "Waterborne sewage has 
minimum gradients fo r a very good reason, that is to ensure that the solids do not settle out 
in the pipes... In very dense settlements, where the volume rapidly increases, the gradients 
can be reduced and thus keep the sewer shallow. Where the sewer is less than 1 m deep it is 
possible to build very simple [inspection chambers]; beyond this a manhole that can 
accommodate a person is required... On why mainline sewers are 150 mm diam eter and 
[household pipes] 100 mm diam eter there is a very good reason fo r this. I f  something large 
gets into the pipe it will stick in the 100 mm pipe and the household will have to clear It; I f  It 
gets through to the 150 mm pipe, the chances are it will not block the pipe. For a very 
minimal capital cost saving, problems are created fo r the municipality". Replying to this. 
Respondent 40 notes that there is no fundamental reason why connections should not be 
75 mm diameter (though a lack of suitable sanitary fittings is an obvious obstacle in 
practice). In the analysis of the expert opinion assessment results that follows I use the 
term  'low-cost sewerage' (as throughout this thesis) in a broad sense, to refer to any 
system of household/neighbourhood connection in which efforts have been made to 
reduce construction costs through application of technical and/or socio-organisational 
strategies. I note: (1) that it is possible to  build systems that apply some but not all of these 
strategies; and (2) that the application of these strategies will not necessarily be successful 
in reducing life-cycle costs.
Low-cost sewerage: general appropriateness fo r  African cities - As noted, most 
respondents considered low-cost sewerage to  be an appropriate solution in some 
situations. However, a significant minority considered it to be very rarely or never 
appropriate, and many people in the 'sometimes appropriate category consider it to  be the 
correct choice only in very specific situations. Only one respondent considered that low- 
cost sewerage can never be an appropriate solution for lower-income districts of African 
cities, though he noted that it may be an option "for high- and middle-income peri-urban 
areas" (R61, Q3). Another respondent suggested that low-cost sewerage is "probably 
unrealistic unless there is significant buy-in from  the community, and difficult in cities that 
are spread widely geographically" (R48, 0 5 ). Other major critiques of sewerage came from  
ecosan specialists: "You are just talking about sewers -  w hat about the treatm ent a t the 
end o f the pipe?" (R42, 03 ); "Sewerage systems not discharging to some sort o f treatm ent 
system are most likely to be anti-poor and disastrous fo r  the population and environment 
(R53, 0 1 2 ). M ore favourable opinions included the following: "/ believe there is huge 
opportunity to reduce costs and still achieve appropriate functionality...using reduced 
standards fo r  construction (particularly depth o f burial where appropriate)" (R14, 05); "in 
dense urban areas waterborne sewage is the most cost-effective way o f transporting 
excreta and greywater out o f the urban area" (R62, citing Holden, 2008). The most strongly 
favourable view was expressed by Respondent 60, a leading proponent of low-cost solids-
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transporting sewerage: "It should be the sanitation system o f firs t choice; use other systems 
only i f  shown to be cheaper (this m ay occur a t very low housing/population densities)". 
However, Respondent 26 reports that between 1975 and 2007 he was involved in 
"pianning, construction and post-evaluation o f more than 50  sanitation projects in Africa 
and Asia... Often iow-cost sewerage was p art o f the comparison o f technicai aiternatives, 
but was ruled out In the local decision-making process a t least fo r m ajor cities".
Low-cost sewerage: conditions favouring - A widely cited requirem ent for low-cost 
sewerage is of course w ater supply: "It's obviously impossible to separate the question o f  
low-cost sewerage from  water supply... I can Imagine hypotheticals where low-volume, low- 
cost sewerage is an option to drive the deveiopment o f w ater supply, but In practice it's very 
hard to imagine... the w ater volumes come first, then the sewerage" (R45, Q4). Another 
respondent stressed the importance of poor drainage: "Low-income areas often suffer from  
drainage probiems and it is the flood problems and ponding o f w ater that affect residents 
during the w et season that are the driver fo r  demand fo r  sewerage" (R9, Q12). In line with  
this, it can be noted that in the PAQPUD sanitation programme in Dakar (see Section 5.3), 
low-cost, solids-free sewerage is being introduced in areas with impermeable soils.
Conditions favouring soiids-free systems - The most commonly cited precondition for 
solids-free systems was that septic tanks should already exist (Q4, Respondents 3, 4, 7 ,1 4 ,  
25, 38). Respondent 14 (Q4) referred to a costing exercise in South Africa which found "that 
solids-free was cheaper on life-cycle costs over 20  years If  the interceptor tanks aiready 
existed; [otherwise] conventional sanitation was cheaper". Likewise, Respondent 38 (Q4) 
stated that "such systems are most applicable where septic tanks already exist...they do not 
make much sense if  the individuai tanks need to be constructed". Other respondents 
commented that solids-free systems may be appropriate in locations with shallow 
gradients: "bigger cities like Douala wiii prefer settled sewerage because o f Its f la t  
topography which may not provide adequate hydraulic gradient fo r  systems without 
pumps" (R13, 04 ); "/ think the system does have potential (especially fo r areas where it is 
only possible to lay sewers with f la t  gradients)" (R9, 0 4 ). Evidently, solids-free systems can 
work w ith considerably less w ater than solids-transporting systems.
Conditions favouring sollds-transporting systems - Solids-transporting systems need both 
more w ater and a more regular w ater supply than solids-free systems, as highlighted by 
several respondents: "[Solids-transporting sewerage] m ay not find  a piace in sub-Saharan 
cities in view o f the w ater required to create the much needed push/force between the 
source point and treatm ent site" (R25, 0 5 ). Several people highlighted the need for a 
regular w ater supply: "Reguiar w ater avaiiabiiity is a requirement [for solids-transporting 
sewerage]" (RIO, 05 ; see also R43); "While people m ay be willing to carry w ater to 
"manual" flush on the odd occasion, it's unusual fo r  them to be willing to do this day in day 
out" (R38, 0 5 ). Other respondents noted that whether or not solids-transporting sewers 
can be laid to  shallower gradients (one of the central features of low-cost sewerage) 
"depends on the geography and settiem ent patterns" (R38, 012); "A lot depends on... the
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ground slopes and somewhere fo r the sewers to be connected to or discharge (R9, Q5). 
Respondent 62 notes that "To keep sewers shallow the main lines need to have [a high 
density o f users] a t the head o f the system and small plots so that the household lines do 
not run deep". Respondent 35 (Q5) suggests that the appropriateness of low-cost solids- 
transporting sewerage is "extremely context-dependent: [you need] lots o f water, decent 
gradients, and organised land management".
Low-cost sewerage: conditions disfavouring - W idely cited obstacles to low-cost sewerage 
were urban layout and planning constraints: "the main constraint is the nature o f 
unplanned informal settlements in African cities" (R32, Q5); "[sewerage] is not an option fo r  
irregular settlements with lack o f town planning and unclear ownership o f land, [but is a] 
good option fo r regular developed low-cost housing schemes with complete infrastructure 
as part o f a project" (R26, Q5; see also R2). This view that sewerage is only appropriate in 
new-built settlements is certainly not shared by many proponents of low-cost sewerage, 
and cannot be easily squared with views expressed by other respondents, if  population 
density is high enough, there is simply insufficient space fo r p it latrines and fo r subsurface 
infiltration o f liquids, so sewerage m ay be the only feasible choice" (R20, Q5). Another 
widely perceived problem with low-cost sewerage is the difficulty of achieving effective 
community maintenance (a typical part of the 'low-cost' package). Respondent 45 (Q3) 
suggested that "making a sewerage system dependent on decentralised maintenance may 
be a devil's bargain. Counting on the householder to do the right thing will probably work 
fo r  most households, but you only need a fe w  to screw it up . Another respondent (R14, 
who was personally involved in the eThekwini low-cost sewerage pilots; see Esiick and 
Harrison, 2004) states that "In South Africa under the current political dispensation 
community-based sewerage is very difficult to achieve... an appropriate system in the 
current South African political climate should be based on institutional ownership and 
maintenance rather than community based" (Q5). However, another South African (R22) 
suggests that low-cost sewerage is a "promising approach provided community are 
prepared to operate and maintain systems". Respondent 8 (0.3) suggests that people have 
to be involved in construction and O & M  to give them a feeling o f responsibility and avoid 
any misuse".
Problems w ith low-cost, solids-free systems - The most commonly cited specific concern 
with solids-free systems is the need for desludging of the on-site interceptor tanks: "With 
settled sewerage you have the same faecal sludge managem ent challenges that we see 
with on-site systems... Once we can solve sludge m anagem ent then settled sewerage begins 
to look viable where there is suitable w ater supply" (R6, 04 ; see similar comments from  
Respondents 9, 22, 25, 26, 32, and 35). Some respondents queried whether solids-free 
sewerage can ever be justified: "There is a contradiction when people propose solids-free 
sewerage where emptying o f on-site systems has failed  (R40, 0 4 ; see also Respondent 20,
0 4 ). One respondent suggested that solids-free systems ' can only work [ if  tankers can 
reach septic tanks], so fo r  very high-density areas with fe w  official roads it is not an option
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(R l l ,  Q4). However, another respondent notes that "there is some experience o f systems 
with interceptor tanks operating fo r  long periods In African conditions" (R43, 04 ). This is in 
reference to  the small, solids-free sewerage systems examined by Vines & Reed (1991a, b) 
in Zambia, which "continue to function more or less adequately despite the almost complete 
lack o f maintenance and the fa c t that the interceptor tanks have been fu ii o f grit fo r  many 
years" (Tayler 2004). In this respondent's opinion "solids-free systems are probably more 
robust [than solids-transporting systems]" (R43, 05 ).
Problems with low-cost, solids-transporting systems - The most commonly cited specific 
concern with low-cost, solids-transporting systems is maintenance: "Maintenance costs 
m ay be too high fo r  sustainable operations" (RIO, 0 5 ); "Condomlnial sewerage requires a 
lot of... sharing o f social responsibility... N ot all African settlements are prepared fo r  such 
responsibilities" (R31, 05 ); "There are likely to be maintenance problems since it  is very hard  
to keep ali extraneous solids out o f sewers" (R43, 05 ). One respondent notes that the risk of 
blockages is increased in low-income 'wiper' communities, due to  a tendency to  use cheap 
cleansing materials such as newspaper (R38, 0 5 ). (In Africa, 'wiper' communities are 
typically Christian, while Muslims are generally 'washers', i.e. use w ater for anal cleansing.) 
Respondent 43 (05 ) suggests that "Perhaps [solids-transporting] sewerage wiii work better 
in conjunction with community toilets, where a higher flo w  can be achieved, but I don't 
think that there is hard evidence on this".
Low-cost sewerage: strategies fo r improving outcome - Several respondents note that, if 
sewerage is selected as an appropriate option, then it must be integrated into broader 
systems for urban design and planning. Other respondents stressed the importance of high 
connection rates in sewered areas: "Sewer connections should be compulsory In reach o f  
sewers, otherwise [there wiii be] underutiiisation and dogging" (R26, 0 3 ). Likewise 
Respondent 29 reports from Brazil that "Most households here use septic tanks. When the 
w ater company Implements a sewage system, many will not disconnect the septic tank and 
connect to the sewer instead, as the income is too iow to afford the extra monthly expense. 
This makes the system more expensive (per capita) fo r  those who do connect...it would thus 
make sense to make implementation o f sewerage in a neighbourhood a democraticaliy 
taken decision, but when decided fo r  instaliation, ALL should adhere."
Low-cost sewerage and wastewater as resource - Ouestion 12 asked respondents to  
consider diverse other aspects of sewerage appropriateness and pro-poorness, and many 
commented on wastewater reuse: "W astew ater must be seen as a resource, then the whole 
approach and the relevance o f the choices changes" (R7, 012 ); "Re-use o f siudge from  
conventionai treatm ent works as compost [can be considered]" (R22, 012 ); "Re-use fo r  
agriculture is promising but requires the wastewater to be treated" (R4, 012); "Irrigation  
with nutrient-rich w ater can be a m ajor benefit fo r  poor communities -  even aquifer 
recharge with proper managem ent should be considered" (R52, 0 12 ; see also R9, R25, R26). 
Other respondents mentioned the possibility of biogas generation: "Biogas production from  
centrally collected w astewater may be an option" (R17, 0 5 ; see also R l l ) .  However, a
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wastewater-to-energy expert (R29) suggests that "it will hardly be worth the effort to digest 
the sewage fo r energy production...so the treatm ent just costs money".
Table 4. Summary o f responses to Question 13 o f the questionnaire (see Appendix ii), in which respondents were asked to rank 
measures a-g (for improving sewerage maintenance and management) from  most important to least important. Oniy partial 
results are shown here: fo r example, measure (a) was rated as most important by 37% o f respondents, as least important by 
7%, and in an intermediate category by the remaining 56%. The statements were originaiiy listed in an arbitrary order; here 
they are listed in order o f rating average (rating 1-6, least important - most important).
MEASURE MOST
IMPORTANT
LEAST
IMPORTANT
RATING
AVERAGE
a) Improved governance at the national or municipal levels 37% 7% 4.51
b) Improved training and knowledge transfer for sanitation professionals 15% 7% 3.73
c) Increased state and/or donor investment in system management and/or 
maintenance
15% 15% 3.69
d) Greater community involvement in local sewerage maintenance 13% 11% 3.47
e) Better rewards and career prospects for sanitation professionals 17% 17% 3.46
f) Increased private sector involvement in sewerage construction and/or 
management
0% 15% 3.15
g) Increased state and/or donor investment in infrastructures 15% 31% 2.97
Systems fo r  sewerage m anagem ent and m aintenance  - Question 13 listed various 
strategies for improving management and maintenance, and asked respondents to rank 
them  from most to least im portant (Table 4 above). Many respondents considered that a 
major priority is improved governance at the national or municipal levels. Conversely, many 
respondents considered increased state and/or donor investment in infrastructures to  be a 
low priority. Some respondents highlighted different concerns: "The list [In Question 13] 
missed the most essential aspects: (a) Tariffs and cost-recovery systems -  essential fo r  
Improved maintenance; (b) Improved communications with users -  prior to design and  
construction; (c) Assessment o f willingness to pay fo r improved services, i.e. demand  
assessment; (d) Promotion o f improved sanitation -  so people know why they should pay 
and are able to value the services; (e) Willingness o f users to put pressure on the utility to 
ensure better operations and maintenance (not tolerating dysfunctional services)... and 
many more" (R38, Q14). Another respondent (RIO) noted that "legal and regulatory 
fram eworks m ay need revision to allow fo r  effective m anagem ent o f low-cost sewerage 
systems". The importance of tariffing and cost-recovery was mentioned by several other 
respondents: "[Who pays capital costs is debatable], but users must pay O&M, or the next 
time there's a budget crisis, sewage will spill everywhere; [there Is a need fo r] honest 
accounting, estimation and collection o f maintenance costs from  consumersl" (R45, Q14); 
"User charges (tariffs) need to be sufficient to finance operational costs including capital 
maintenance" (R57, Q14). Respondent 57 (Q12) suggests that the sewerage charge needs 
to  be linked to w ater consumption (typically lower among lower-income users): "fixed 
charges fo r  sewerage will invariably be anti-poor". Some respondents mentioned patronage 
and corruption: "Infrastructure provision and managem ent in general should be 
independent o f political Interference, similar to the legal system" (R14, Q14); "[If corruption
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is a problem], state involvement may lead to unnecessarily big investments (more possibility 
to deviate money)” (respondent code withheld). One respondent suggested that the key 
problem in African cities is the "very poor knowledge basel" (R61, Q14).
5 . 1 . 3 .  Ex p e r t  OPINION A s s e s s m e n t : C o n c l u s io n s
Key conclusions of this expert opinion assessment^ are as follows:
1) Piped sewerage may in some situations be an appropriate sanitation solution for lower- 
income districts of African cities, provided that long-term management and financing can 
be guaranteed: in other words, it is an option that should be given serious consideration 
alongside the diverse other possible solutions.
2) Nevertheless, for many city districts, other strategies (e.g. household or communal 
latrines in conjunction with a well-designed and properly financed system for management 
of the w et or dry faecal waste) may be more appropriate and pro-poor, at least as the first 
step in improving sanitation. (Here there was however significant disagreement among the  
10 respondents who reviewed these conclusions: some considered that on-site solutions 
are likely to  be appropriate in most contexts; others that on-site solutions are frequently  
problematic, so that sewerage will often be appropriate.)
3) Many respondents stress the importance of effluent discharge: wastewater removed 
from a sewered district must be disposed of or re-used appropriately, ideally after efficient 
wastewater treatm ent, and in any case in such a way as to avoid significant negative health 
and environmental impacts.
4) Sanitation planning at the city or district level should of course be a context-specific 
process taking into account a very wide range of local determinants that may include (but 
that are not restricted to) urban layout, vehicle access, rainfall and drainage characteristics, 
soil infiltration capacity, greywater production, anal cleansing materials, plot sizes, slopes, 
presence of existing infrastructure, institutional capacity, funding constraints, willingness to  
pay, and user preferences and cultural attitudes.
5) Factors that are probably prerequisites for low-cost sewerage (w hether solids-free or 
solids-transporting) are: a) household-level piped w ater supply (though see Conclusion 6); 
and b) a reasonably high level of social cohesion and stability within the district concerned, 
at least if community management of the system is envisaged.
 ^As noted, a draft Conclusions section was sent to 10 selected respondents, who were asked to review this section with the  
aim of ensuring that the report fairly represented all views expressed in the questionnaire responses, and accurately 
summarized majority views. The conclusions shown here are those published in Waterlines, i.e. adjusted in view of the 
feedback received from these respondents: though certainly this should not be considered to be a formal consensus 
statement. Note also that these are specifically the conclusions of this expert opinion assessment, carried out at an early 
stage in this thesis, before starting the primary research components in Dakar and elsewhere; so these are not the final 
conclusions of this thesis, for which see Sections 6 and 7.
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6) The need for piped w ater and stable tenure means that low-cost sewerage will generally 
not be judged suitable for very poor settlements; however, sewerage systems draining 
communal toilets, or radical slum development solutions including sewerage (together with 
other interventions such as tenure securitisation, w ater supply and road paving), should not 
be ruled out.
7) Many respondents note that sewerage may be particularly appropriate in districts that 
have greywater drainage problems, and/or high w ater table or frequent flooding. Indeed, 
several respondents suggest that greywater production is the key determ inant of whether 
or not sewerage is the appropriate solution.
8) Factors that may argue specifically in favour of low-cost solids-free sewerage include: a) 
widespread existing use of septic tanks; and b) flat topography (i.e. topography that does 
not facilitate the steeper pipe gradients required for solids-transporting sewerage). Many 
respondents note that there will be a continued need for sludge removal.
9) Factors that may argue specifically in favour of low-cost solids-transporting sewerage (or 
indeed conventional solids-transporting sewerage) include: a) very high population 
densities; and b) a regular household w ater supply. Many respondents are concerned about 
maintenance problems arising from low-cost construction and community management, 
however, some argue that these are often no worse than the problems arising with on-site 
systems.
10) Many respondents note the critical importance with any sewerage system of correct 
setting of user tariffs, and of effective systems for tariff collection.
This expert opinion assessment thus confirmed that most sanitation specialists consider 
low-cost sewerage to  be a solution that may be appropriate at least in certain specific 
situations. However, it is im portant to  note that several respondents argued that "low-cost 
sewerage" is often not low-cost at all, because costings tend not to  take proper account of 
required major infrastructure (e.g. wastewater treatm ent plants), and because many of the  
cost-saving strategies applied reduce investment costs only at the expense of increased 
operating costs and/or reduced system performance and lifespan. In line with this, this 
thesis considers sewerage in general, w ithout pre-supposing that low-cost variants in fact 
have lower lifespan costs or are necessarily more appropriate in low-income contexts.
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5 .2 . H ea lth  im p a c t s ; M e t a - a n a l y s is
A major justification for investing in improved sanitation in low-income communities is to  
improve health, notably child health;^ consequently, a central component of this thesis was 
a systematic review and meta-analysis of the impacts of sewerage interventions on the  
incidence of diarrhoea and enteric infections. The findings of this work w ere published in 
Lancet Infectious Diseases in 2010 (Norman, Pedley & Takkouche 2010).^ As detailed in 
what follows, this meta-analysis strongly suggests that previous sewerage interventions 
have typically led to significant health benefits. However, this work has also highlighted the  
enormous methodological difficulties in assessing the health impacts of large-scale 
infrastructure interventions like sewerage.
5 . 2 . 1 .  M e t a - a n a l y s is : Ba c k g r o u n d  a n d  j u s t if ic a t io n
Notwithstanding the very strong historical and theory-based grounds for supposing that 
improvements in sanitation will lead to reductions in morbidity due to  faecal-oral diseases, 
the empirical evidence supporting the health benefits of sanitation in present-day 
developing contexts is in fact rather sparse (Fewtrell et al. 2005). In particular, there is a 
lack of strong empirical grounds for assessing a) to w hat extent sanitation improvements 
will improve health, and b) to  what extent different types o f sanitation im provement will 
have different impacts. Related previous systematic reviews (Fewtrell et al. 2005; Esrey, 
Feachem & Hughes 1985; Esrey & Habicht 1986; Esrey et al. 1991; Waddington et al. 2008) 
have offered very useful analyses of w ater supply, sanitation, and hygiene education 
effects, but have generally analysed all types of sanitation solution together, w ithout 
distinguishing sewerage or other specific solutions. Two of these reviews applied m eta­
analysis (Fewtrell et al. 2005; Waddington et al. 2008). Fewtrell et al. (2005) investigated 
the effects of sanitation on diarrhoeal disease, and included only four studies of the effects 
of sanitation interventions (none of them  sewerage interventions). Since June 2003, the  
end-date for Fewtrell and co-workers' search of published work, several new studies of 
sewerage effects have been published (my own search identified several studies of the  
effects of sewerage not included in that study). Waddington et al. (2008) investigated 
sanitation in general, but also more specifically sewerage and latrines; however, they  
include only four studies of the effects of sewerage in their analysis. Clasen et al. (2008) 
submitted a protocol to  the Cochrane Collaboration for a review of the effect of excreta 
disposal interventions of all types on diarrhoea, including only randomised and 
quasirandomised controlled trials. So far, however, there have been no randomised
 ^As discussed In Section 1.1, health improvement is here considered to be a key justification for government and donor 
spending on sanitation improvement; though in terms of hygiene education (i.e. convincing people to improve their own 
sanitation) and economic benefit (i.e. analysis of all the various benefits of improving sanitation) it is certainly not the only 
reason; indeed other reasons (including quality of life and prestige) may be more important from these other points of 
view.
 ^This work was carried out in collaboration with the epidemiologist Dr Bahi Takkouche of the University of Santiago de 
Compostela in Spain.
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controlled trials of sewerage provision. Indeed, there are formidable barriers to the  
randomisation of interventions of this type.
This systematic review and meta-analysis thus investigated the association between 
sewerage provision and diarrhoea and related outcomes, considering all relevant studies 
published to  date.
5.2.2. M e t a - a n a l y s is : M e t h o d s
A systematic review aims to  exhaustively trawl the literature to identify all published 
studies^ meeting certain predefined criteria (in the present case all studies including 
assessment of the impact of piped sewerage interventions, in children or adults in any 
region of the world, on diarrhoea or specified enteric infections including helminth 
infections; comparisons were with the pre-sewerage sanitation situation or the study s 
selected non-sewerage comparison situation). (Egger et al. 2001)
Following a systematic review, a meta-analysis is a statistical procedure for analysing the  
results of several studies that address a set of related hypotheses. In simple terms the  
primary aim of a meta-analysis is identification of a measure of pooled effect size, weighted 
to  reflect the sample sizes of the different studies. In fact, the analysis typically involves 
analysis of other aspects of the data, and will not necessarily culminate in a single measure 
of pooled effect. (Egger et al. 2001)
The present systematic review was based on a search of research databases including 
Medline from 1966 to  end February 2010.
5.2.2.1.Search strategy and inclusion criteria
A computerised search from 1966 to  end February 2010 was performed to identify all 
potentially eligible studies. For MEDLINE, the following algorithm was applied both in 
Medical Subject Heading and in freetext words: (sanitation OR sewer* OR excreta-disposal) 
AND (diarrhea* OR diarrhoea* OR cholera OR shigell* OR dysenter* OR cryptosporid* OR 
giardia* OR Escherichia OR clostridium OR Campylobacter OR vibrio OR enteric OR 
entam oeb* OR norovirus OR rotavirus OR adenovirus OR ETEC OR parasitic OR intestinal- 
parasites OR nem atode* OR ascari* OR trichuri* OR hookworm OR pinworm OR 
cyclospora). Similar strategies were used to  search the EMBASE (1980-2009), LILACS (Latin 
America and Caribbean), and the ISI Proceedings database. W e also examined the  
references of every article retrieved and those of recent reviews of health impacts of 
sanitation (Fewtrell et al. 2005; Esrey et al. 1985; Esrey & Habicht 1986; Esrey et al. 1991;
■ There is some disagreement in the fieid about whether systematic reviews shouid aim to exhaustiveiy identify ail 
unpublished studies in the fieid. The author considers that exhaustive identification of unpublished studies is simply 
impossible, but that efforts shouid be made to identify as many grey-iiterature studies as possible.
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Waddington et al. 2008). Unpublished studies were not considered. Studies were included 
if (1) they presented original data from case-control or cohort studies, non-randomised 
trials, or cross-sectional studies;^ (2) the outcome of interest was clearly defined as 
diarrhoea or presence of a gastrointestinal parasite that may produce diarrhoea; (3) one of 
the exposure factors was sanitation type, and one of the levels of this factor was sewerage; 
and (4) estimates were provided of odds ratio (OR) or relative risk (RR) or longitudinal 
prevalence ratio (LPR, as defined by Barreto et al. 2007) and its confidence intervals (CIs), or 
enough data was provided to  calculate them . After initial screening of titles and abstracts 
by the present author (GN), eligibility for inclusion was determined independently by GN 
and BT (Bahi Takkouche); no disagreements arose. If data on the same population were  
duplicated in more than one study, the most complete study was included in the analysis.
5.2.2.2.Data extraction and quality assessment
Data were extracted using a standard data-recording form developed for this study. The 
standard data items included: authors, year of publication, study location (country, 
city/cities), study period/s, study design, sanitation factor levels, minimum and maximum  
subject age (years, months), sample size, control group selection characteristics, follow-up  
periods in cohort studies (mean, range), outcome, outcome measurement details, effect 
estimator (OR, RR, other), effect estimate, 95% confidence intervals, adjustment factors 
used. W hen further clarification was necessary (particularly of sanitation factor levels), we  
contacted the authors. Risk ratios, longitudinal prevalence ratios and case-control odds 
ratios are treated as equivalent relative risk (RR) estimates. [OR = odds ratio, RR = relative 
risk]
Most studies compared sewerage with one other sanitation category, generally flush toilets 
discharging to  septic tanks and/or to open drains. In these cases RR estimates for sewerage 
(sanitation level 1, L I) versus the other category (sanitation level 2, L2) were used. W hen a 
single study made tw o or more comparisons (e.g. sewerage versus septic tanks, L I vs L2, 
and sewerage versus latrines, L I vs L3), a weighted average RR value was calculated, and 
used in the meta-analysis; in addition, specific subgroup analyses w ere performed with the  
individual RR estimates for L I vs L2 and L I vs L3 (see Table 6, page 60). The most adjusted 
RR estimate provided by the authors was used; if no adjusted estimate was available, the  
crude estimate was used.
Study quality was assessed using a 5-point binary scale specifically developed for this study, 
based on the Newcastle-Ottawa scale (Wells et al. 2010) and the scale used by Fewtrell et 
al. (2005), but with modifications in view of standard guidelines (Stroup et al. 2000; Higgins 
& Green 2008) and our own judgement (i.e. GN and BT). This scale was as follows: (1)
 ^ Inclusion of cross-sectionai studies in a meta-analysis would be unusual in clinical research contexts, since cross-sectionai 
studies provide weaker evidence of causality than other designs. In the present context, however, all designs are relatively 
weak, and several of the cross-sectionai studies included in this meta-analysis are probably of higher quality than other 
studies with designs generally considered stronger. And indeed the meta-anaiysis showed no appreciable difference 
between the pooled estimate for cross-sectionai studies and that for incidence studies.
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Exposure: Sanitation levels clearly defined? [yes = descriptions of all sanitation levels; no = 
no sufficient description (e.g. "non-se\A/ered" without further clarification)]; (2) Outcome: 
Measurem ent acceptable? [yes = objective measure such as clinical diagnosis or stool 
analysis, or interviews with guardian using clear definition of diarrhoea episode and recall 
period 2 weeks or less; no = else or not specified]; (3) Comparison group: Selection o f  
control group acceptable? [Cohort studies: yes = comparison subjects drawn from same 
source population/s as sewerage subjects; no = comparison subjects drawn from different 
population/s, or procedure not specified. Case-control studies: yes = control cases with 
confirmed absence of recent history of diarrhoea or similar diseases; no = controls may 
have suffered from diarrhoea or similar diseases recently, or no information. Cross- 
sectional studies: yes = comparison subjects drawn from same source population/s as 
sewerage subjects; no = comparison subjects drawn from different population/s, or 
procedure not specified]; (4) Participation: Participation/follow-up acceptable? [Cohort 
studies: yes = loss to follow-up < 20% in all cohorts; no = else or not specified. Case-control 
studies: yes = at least 80% participation in both groups; no = else or not specified. Cross- 
sectional studies: yes = actual sample size at least 80% of subjects initially approached; no = 
else or not specified]; (5) Confounding: Adjustment, matching and/or restriction 
acceptable? [yes = adjustment, matching or restriction at least for age AND (household 
income OR mother's educational level); no = else or not specified]. Quality scoring was 
performed by GN and BT independently, and the average score used in subsequent 
analyses. The percentage of agreement between the 2 raters ranged from 91% for item 2 to  
100% for items 1 and 4.
5.2.2.3.Statistlcal analysis
To obtain pooled effect estimates, meta-analyses were performed using an inverse variance 
method: i.e. the study-specific adjusted log ORs for case-control and cross-sectional studies, 
and log RRs for cohort studies, were weighted by the inverse of their variance to compute a 
pooled RR and its 95% Cl. This method of pooling gives greater weight to  large studies in 
the final pooled estimate. The presence of between-study heterogeneity was assessed 
using a parametric bootstrap version of the DerSimonian and Laird Q  test, and 
heterogeneity was quantified as the proportion of total variance due to between-study 
variance (Ri) (Takkouche et al. 1999). Sources of heterogeneity were explored by visual 
examination of forest plots, and by analyses of subgroups of studies defined by 
characteristics including design, outcome variable, subject age, study location, and type of 
sanitation comparison. W e present both fixed- and random-effects pooled estimates but 
use and report the latter when heterogeneity was present, as in our main analysis and most 
subgroup analyses: the random-effects model is generally considered to give more reliable 
results, including a more conservative (wider) confidence interval, when the studies being 
considered show high heterogeneity (Higgins & Green 2008). Publication bias (Begg &  
Berlin 1988) was assessed using the Egger test for funnel plot asymmetry (Egger et al. 
1997). All analyses were performed with the program HEpiMA version 2.1.3 (Costa-Bouzas 
et al. 2001) and SPSS version 16.0 (SPSS, Inc., Chicago IL).
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Figure 7. Effect estimates from  the individual studies Included in the meta-analysis.
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5 . 2 . 3 .  M e t a - a n a l y s is : F in d in g s
Twenty five studies met the criteria for inclusion in the review (Table 5, page 59). Ten 
studies were incidence-based (six cohort studies, four case-control studies, and one non­
randomised trial), and 14 w ere cross-sectional. These studies had been done between 1980 
and 2006, in ten countries: 14 studies were from Brazil, the rem ainder from Mexico, 
Nicaragua, Honduras, Peru, the USA, Iran, Syria, Saudi Arabia and Australia. Precise age 
ranges of subjects varied, but 21 of the 25 studies w ere of children, with minimum ages 
between 0 and 12 months, and maximum ages between 3 months and 14 years. The 
primary outcome was diarrhoea incidence in 17 studies, Giardia spp. prevalence (in stool) in 
four studies, intestinal parasite prevalences (in stool) in three studies, and Cryptosporidium 
seroprevalence in one study (Table 5, page 59). All but one of the incidence-based studies 
had diarrhoea as an outcome. Figure 7 (above) shows effect estimates from  the individual 
studies. Table 6 (page 60) lists the pooled effect estimates fo r all 25 studies and diverse 
subgroups. The pooled RR estimate from all 25 studies was 0 70 (95% Cl 0 6 1 -0  79), with  
high heterogeneity and no evidence of publication bias (Egger's test for funnel plot
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asymmetry p=0-21). Heterogeneity remained high in most subgroup analyses (Table 1, page 
60), but was moderate among cross-sectional studies (Ri=0 56), studies in which sewerage 
was compared with septic-tank-only (Ri=0 50), and studies in which the outcome was not 
diarrhoea (i.e. mostly helminth prevalence; Ri=0 49), and low among studies in regions 
other than Latin America (Ri=0 21) and non-child studies (Ri=0 05). The pooled estimate of 
effect for studies in which the outcome was diarrhoea (RR 0 70, 95% Cl 0 5 8 -0  84) was very 
similar to that for studies in which the outcome was not diarrhoea (0 71, 0 6 2 -0  82; Table 
7). The pooled RR estimate for studies of incidence alone was 0 72 (0 5 9 -0  88). The pooled 
RR estimate for studies that received a quality score of 3 or more was 0 67 (0 5 8 -0  77). As 
determined by the inclusion criteria, all studies included sewerage as one level of the 
sanitation factor. Although in tw o studies sewerage and septic tanks were bundled into a 
single factor level, the pooled RR estimate excluding these studies was 0 67 (0 5 9 -0  77), 
compared with 0 70 (0 6 1 -0  79) for all 25 studies. The other sanitation levels (i.e. the 
sanitation types with which sewerage was compared) varied, but in most cases the main 
comparator was flush toilet discharging to  septic tank or open drain. Detailed comparison 
of sewerage with other specific sanitation solutions is not possible on the basis of the 
studies included in this meta-analysis, because few  studies gave detailed information on 
the mix of sanitation solutions used in the comparison groups. For example, in many 
studies the comparator included flush toilets discharging to  open drains, but this might 
mean at best piped discharge to concrete-lined storm water drains, or at worst overground 
drainage to informal ditches in the street or in the plot itself. Nevertheless, some 
exploration of this question is possible. A subgroup analysis of the seven studies with a 
third "very poor" sanitation level (L3; see Table 6), suggests greater health effect (RR 0 41, 
0 2 7 -0  61; Table 7) than the corresponding analysis of all 25 studies with the sewerage 
versus L2 estimates (0 73; 0 6 5 -0  82; Table 7). Furthermore, six of the seven studies in 
which sewerage was compared with tw o other sanitation levels noted the expected dose- 
response type effect: i.e. disease burden was lowest with sewerage, and lower for the  
nominally next-best sanitation level than for the nominally worst sanitation level. These 
results thus accord with the expectation that sewerage will have a greater health effect 
when the starting sanitation situation is especially poor. Also of interest is whether 
sewerage maintains its apparent beneficial effect when the starting sanitation situation is 
relatively good. Five studies specifically compared sewerage with septic tanks only (i.e. all 
or nearly all households in the comparison group had septic tanks). However, a subgroup 
analysis of only these five studies gave a pooled RR estimate of 0 69 (0 5 4 -0  89), not 
appreciably different from the pooled estimate of 0 71 (0 6 2 -0  82) obtained for the  
remaining 20 studies.
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Table 6. Relative risk (RR) estimates from  each of the 25 individuai studies, with 95% confidence intervals in brackets. RR 
values o f less than one indicate a protective effect o f sewerage.
study RR "sewerage" vs "other"° RR "sewerage" vs L2 only'’ RR "sewerage" vs L3 only”
Barreto (2007) 0.80 (0.76-0.84) idem -
Checkley (2004) 0.84 (0.69-1.04) 0.85 (0.64-1.14) 0.84 (0.71-1.12)
Macias-Carrillo (2005) 0.86 (0.36-2.04) idem -
de IVIelo (2008) 1.12 (0.86-1.47) idem -
Moraes (2003) 0.23 (0.17-0.32) 0.34 (0.23-0.50) 0.12 (0.08-0.20)
Mascarini-Serra (2010) 0.71 (0.63-0.81) idem -
Ferrer (2008) 1.35 (0.98-1.75) idem -
Heller (2003) 0.51 (0.42-0.61) idem -
IVlenon (1990) 0.59 (0.20-1.75) idem -
Sobel (2004) 0.59 (0.35-0.99) idem -
Kolahi (2009) 0.89 (0.71-1.12) idem -
Almerie (2008) 0.81 (0.49-1.32) idem -
Al-Shammari (2001) 0.74 (0.66-0.85) 0.79 (0.69-0.90) 0.44 (0.29-0.67)
Boreham (1981) 0.29 (0.07-0.97) idem -
Cifuentes (2002) 0.59 (0.34-1.00) idem -
Cifuentes (2004) 0.48 (0.31-0.76) 0.52 (0.31-0.89) 0.40 (0.17-0.93)
Gross (1989) 0.56 (0.23-1.20) 0.73 (0.28-1.73) 0.46 (0.18-1.02)
Moraes (2004) 0.91 (0.73-1.14) 0.94 (0.93-0.95) 0.38 (0.34-0.40)
Silva (2009) 0.48 (0.29-0.77) idem -
Teixeira (2005) 0.41 (0.19-0.87) idem -
Teixeira (2007) 0.74 (0.46-1.12) 0.94 (0.50-1.78) 0.57 (0.30-1.09)
Vézquez(1999) 0.65 (0.53-0.79) idem -
Gutierres Arteiro (2007) 1.34 (0.69-2.58) idem -
Pradhan (2002) 0.37 (0.20-0.65) idem -
Walker (1999) 0.96 (0.62-1.49) idem -
' These are relative risk estimates for the comparison "sewerage” versus "other sanitation solution/s" (LI vs 12, for studies 
that compared two sanitation ievels; L I vs [L2 and L3] for studies that compared three sanitation levels); see page 55 for 
details. These are the RR estimates used in the main meta-analysis and in all subgroup analyses except analyses 6, 7 and 8 
(Table 7). ‘’■'These columns are only relevant for studies which compared sewerage with two other sanitation categories: 
for example, Checkley (2004) compared "sewerage" (LI) with "latrines or equivaient" (L2) and "no faciiity” (L3).
Table 7. Summarised results o f meta-analyses o f different subgroups o f studies. Note 
heterogeneity as indicated by high Ri) the random-effects estimate o f pooled effect is 
base conclusions.
that fo r most analyses (with high 
the appropriate estimate on which to
Analysis Number o f Pooled RR Pooled RR Ri Q testp -
studies (95%CI) (95%CI) value
1. Ali studies (sewerage versus other 25 0.76 (0.74-0.79) 0.70 (0.61-0.79) 0.87 <0.00005
2. Cohort + NRT (non-randomised trial) 7 0.78 (0.75-0.82) 0.72 (0.57-0.90) 0.96 <0.00005
3. Case-control 4 0.69 (0.60-0.79) 0.72 (0.38-1.34) 0.94 <0.00005
4. Cohort + NRT + case-control 11 0.78 (0.74-0.81) 0.72 (0.59-0.88) 0.95 <0.00005
5. Cross-sectional 14 0.71 (0.65-0.78) 0.68 (0.58-0.79) 0.56 0.0100
6. All designs (sewerage versus septic- 5 0.76 (0.67-0.86) 0.69 (0.54-0.89) 0.50 0.2950
7. Ali designs (sewerage versus L2 only)" 25 0.78 (0.75-0.81) 0.73 (0.65-0.82) 0.82 <0.00005
8. All designs (sewerage versus L3 only)" 7 0.39 (0.37-0.41) 0.41 (0.27-0.61) 0.98 <0.00005
9. Outcome diarrhoea 17 0.77 (0.74-0.81) 0.70 (0.58-0.84) 0.93 <0.00005
10. Outcome not diarrhoea 8 0.73 (0.67-0.79) 0.71 (0.62-0.82) 0.49 0.0840
11. Infant studies 21 0.76 (0.73-0.79) 0.66 (0.57-0.77) 0.90 <0.00005
12. Non-infant studies 4 0.79 (0.71-0.89) 0.80 (0.71-0.90) 0.05 0.3840
13. Studies in Latin America 20 0.76 (0.73-0.79) 0.68 (0.59-0.79) 0.91 <0.00005
14. Studies not in Latin America 5 0.77 (0.69-0.86) 0.77 (0.67-0.90) 0.21 0.3390
L2 and L3 are sanitation levels 2 and 3; see footnote to Table 6.
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5.2.4. M e t a - a n a l y s is : D is c u s s io n
This meta-analysis suggests that sewerage typically has a positive effect on enteric 
infectious disease burden. Considering all studies included in this review, pooled estimates 
suggest a reduction of about 30% (0 70, 0 6 1 -0  79) in diarrhoea incidence and in other 
indicators of enteric disease burden; a similar reduction (34%) is obtained if only studies 
rated as high quality are included. These estimates are similar to Fewtrell et al.'s (2005) 
estimate of 32% (0 68, 0 5 3 -0  87) pooling tw o studies of the effect of non-sewerage 
sanitation interventions on diarrhoea, and Waddington et al.'s (2008) estimate of 31% 
(0 69, 0 3 8 -1  26) pooling four studies of the effect of sewerage interventions on diarrhoea.
The analysis noted high between-study heterogeneity in effect size, for which there are 
several possible explanations, including geographical variation in the aetiology of enteric 
infection (Petri et al. 2008) and between-study variation in the precise sanitation 
characteristics of the comparison groups (i.e. the groups with which sewerage was 
compared). Nonetheless, most studies included in this review compared sewerage with a 
situation in which most households had flush toilets discharging either to  septic tanks or 
open drains. This sanitation mix is typical of urban districts receiving sewerage in low- 
income and middle-income countries, where sewerage systems will usually be constructed 
in communities that already have household-level piped w ater supply. Thus the pooled 
effect estimate is an approximate estimate of the likely effect of sewerage in typical 
intervention contexts in low-income and middle-income countries: where the existing 
sanitation situation is very poor we can expect a stronger effect (e.g. where there is 
widespread reliance on open defecation, or on insanitary household or public latrines, or 
where there are many flush toilets discharging directly to  the local environment); where  
on-site sanitation is functioning well, we might expect a weaker effect. But certainly, pooled 
effect estimates in this context are indicative rather than definitive.
Of the studies included in the meta-analysis, some compared districts with sewers with  
districts without, whereas others compared districts before and after construction of 
sewerage systems (Table 5, page 59). In tw o studies (Barreto et al. 2007; Kolahi et al. 2009), 
some districts that were classed as having sewerage systems had very low connection rates. 
Both the household's sewerage status (connected or not to  the network) and the district's 
sewerage status (proportion of households connected) can be expected to affect disease 
risk, and both should ideally be taken into account in the multivariate analysis to  estimate 
RRs, as done for example by Barreto et al. (2007). By contrast, none of the studies in which 
sanitation status was established at household level included adjustment for district-level 
coverage (though it would certainly be possible to  do so if this information were available).
Health-effect assessments of sanitation and similar interventions are plagued with  
methodological difficulties (Blum & Feachem 1983; Briscoe et al. 1986), and some authors 
have expressed scepticism that observational studies and non-masked trials can ever 
produce valuable results in such contexts (Schmidt & Cairncross 2009). M ajor potential
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sources of effect-exaggerating error include: biases due to absence of masking (Wood et al. 
2008), biases related to  recall error when diarrhoea incidence is assessed on the basis of 
mothers' reports, and biases due to absence of random allocation.
Masking (blinding) of subjects and interviewers is difficult or impossible in studies of large- 
scale infrastructure interventions, such as sewerage programmes, and this is a particular 
cause for concern when the outcome measure is a subjective report. In fact, appropriately 
assessed self-reported diarrhoea incidence (the second quality criterion in the present 
meta-analysis) is probably better described as semi-objective than as subjective; 
nevertheless, this concern remains. But in this analysis the pooled RR estimate assessing 
only interview-based studies was similar to the pooled estimate for studies that were not 
based on interview (RR 0 73 vs 0 66), arguing against an im portant effect of courtesy bias 
(related to  a respondent's desire to please the interviewer by reporting a positive effect of 
the intervention). Furthermore, the pooled RR estimate including only studies that 
specifically set out to assess the effect of sanitation on health (Table 5) was much the same 
as the estimate for studies in which sanitation type was included as one among many 
exposure factors (0 69 vs 0 70): this result again argues against influences of both courtesy 
bias and investigator bias (related to  an investigator's belief that sewerage will have a 
positive effect).
W hen diarrhoea incidence is assessed on the basis of mothers reports, recall error is a 
minor problem when the incidence estimate is used to  compare risk between different 
groups, as long as it can reasonably be assumed that the size and direction of error does 
not differ between the groups compared (W olf Schmidt, personal communication).
Possible biases due to  non-random allocation of subjects to  the different sanitation 
conditions are certainly a serious cause for concern. Sanitation project beneficiaries have 
usually been selected in some way (W hite 2007). This selection might be of wealthier or 
healthier people (through self-selection as a result of ability to  pay connection and 
maintenance charges, or subsidy capture, or better education; or through an administrative 
decision to  service wealthy central districts), or sometimes of poorer or unhealthier people 
(through an administrative decision to target poorer individuals or districts). Thus health 
status in districts or households with sewerage systems might be at least partly due to  
selection bias. Most studies included in this review used acceptable multivariate 
adjustment procedures (the fifth quality criterion), and inadequate adjustment does not 
seem to have been a cause of effect exaggeration: the pooled RR was 0 64 (0 5 3 -0  77) 
when this criterion was m et and 0 78 (0 6 3 -0  97) when it was not met. Nevertheless, 
residual confounding might remain after routine adjustment for sociodemographic 
confounders. To explore this further, a sensitivity analysis was performed as described by 
Greenland (1996). Let us assume the presence of an unidentified factor that halves the risk 
of diarrhoea (i.e. RR disease with confounder = 0 5) and that this factor is twice as prevalent 
among people with sewerage as among people without (i.e. RR exposure with confounder =
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2). It is very unlikely that a factor so strongly associated with sewerage provision and 
diarrhoea remains undiscovered; however, even if it did, the adjusted RR for the effect of 
sewerage on diarrhoea would still be 0 78.
A potential concern in the case of incidence studies with long follow-up periods is lack of 
correction for repeated measures. Few studies seem to  have taken this into account; but 
this is unlikely to have had a major effect on my individual-study effect estimates, or on the 
pooled estimates. Notably, the very low variance in the study of Barreto et al. (2007) might 
be partly attributable to non-correction for repeated measures, but excluding this study 
from the meta-analysis had little effect on the pooled estimate (0 68, 0 5 8 -0  79), versus 
0 70 (0 6 1 -0  79) for all 25 studies.
5.2.5. M e t a - a n a l y s is : C o n c l u s io n s
The results of this systematic review and meta-analysis suggest that replacement of urban 
on-site sanitation with sewerage systems typically has a substantial positive effect on 
enteric disease burden. This is a biologically plausible finding: i.e. we would expect health 
benefits from an urban sanitation system that pipes faecal wastes out of the populated 
area, as long as that system is functioning reasonably well. However, we cannot be certain 
that the reductions in disease burden achieved in the cities studied so far (mostly in Latin 
America) can be achieved in other cities worldwide. I have not attem pted any health impact 
evaluation of the PAQPUD sewerage scheme in Dakar: however, as noted in Section 5.3.3, 
there are strong grounds for suspecting that the health impact of this project has been 
small or even negative, at least in some districts, because of system malfunction and poor 
sewage disposal leading to faecal contamination of the local environment. In other words, 
sewerage interventions in the past have tended to  reduce disease burdens, but a poorly 
functioning sewerage system is likely to  have minimal or negative effect. Here it is relevant 
that most studies included in this meta-analysis have been from middle-income countries, 
such as Brazil and Mexico, as opposed to  low-income countries in Africa w here cost 
constraints are more severe and current institutional capacity to  maintain sewerage 
systems is, in some countries, clearly inadequate.
Furthermore, the fact that sewerage can achieve a genuine reduction in disease burden 
does not mean that it will be the most cost-effective solution: in many contexts a greater 
per-dollar reduction in disease burden might be achieved by im provem ent of on-site 
sanitation. As discussed in Sections 2 and 6, a given sewerage intervention can only be 
considered appropriate if it is cost-effective, sustainable in terms of both system 
maintenance and environmental impact, and genuinely of benefit to  poor communities.
Notwithstanding these qualifications, this systematic review and meta-analysis is the first 
such analysis of the health impacts of sewerage, and strongly suggests that sewerage 
interventions can have a substantial positive impact on health.
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5.3. Ev a l u a t io n  of PAQPUD
The PAQPUD project {Programme d'amélioration de l'assainissement des quartiers 
périurbains de Dakar) -funded by a World Bank (IDA) concessionary loan to the Senegalese 
government, designed and overseen by the Senegalese sanitation authority ONAS {Office 
National d'Assainissement du Sénégal), and implemented by the semi-governmental public- 
works contracting agency AGETIP— was a major urban sanitation intervention that ran over 
the period 2001-2009. It form ed part of World Bank Project P041528 (the Long Term W ater 
Sector Project). As detailed in the next section, it comprised a spatially diffuse on-site 
sanitation component implemented throughout most of Greater Dakar, and a settled 
sewerage component comprising 11 schemes implemented in 11 non-central and relatively 
low-income districts of Greater Dakar.
The settled sewerage component of PAQPUD is the first large-scale implementation of low- 
cost sewerage approaches in sub-Saharan Africa, and is very unusual among African 
sewerage projects in that it specifically targeted lower-income districts; as such it offers a 
very interesting opportunity for assessment of the appropriateness of approaches of this 
type in African contexts. Of particular interest from the research point of view is that fact 
that it involved 11 different interventions in 11 different districts.
A recent W orld Bank report (Guène et al. 2010) has included a detailed case study of the 
PAQPUD project, carried out in late 2008, with particularly useful coverage of institutional 
aspects and of the on-site (non-sewered) sanitation component. The present independent 
evaluation of the settled sewerage component of PAQPUD, forming the core primary 
research of this thesis, aims to contribute to  assessment of whether low-cost sewerage 
solutions can be appropriate for African cities. As noted, direct generalisation from the 
specific case of Dakar to the very diverse spectrum of African cities cannot be attem pted, 
and it should be stressed that most African cities have much poorer sanitation than Dakar 
(which has an extensive existing sewerage system, and a high proportion of households 
with piped w ater and adequate on-site sanitation, even in lower-income districts). 
Nevertheless, it is possible to  draw some general inferences, and in particular to  identify 
lessons for future sewerage projects in low-income districts of African cities; see Section 4.
This section thus reports the methods and findings of this evaluation of the settled 
sewerage component of PAQPUD.
[As part of this work, qualitative interviews were maintained with diverse key stakeholders. 
In the text that follows, interviews are referenced as ID-1 to ID-51 (Dakar Interview 1 -  
Dakar Interview 51), and respondents (= interviewees) as RD-1 to RD-35 (Dakar Respondent 
1 -  Dakar Respondent 36); for further explanation and the key to this coding, see Section
5.3.2.1, page 69, and Appendix I.]
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5.3.1. T h e  P A Q P U D  p r o j e c t  a n d  it s  c o n t e x t
Dakar is one of the few  African cities with a large and well-functioning sewerage system 
(Norman 2009; Norman 2010). This system is a conventional solids-transporting system 
serving the business centre and extensive residential areas (mostly wealthy and middle- 
income areas) of Dakar proper; the total number of people with a sewerage connection is 
about 625,000 (Hoang-Gia et al. 2004). The system drains to  a large activated sludge plant, 
which has recently benefitted from major investment by the African Development Bank 
(Project P-SN-EOO-002), and which functions reasonably well (ID-1, ID-50); the effluent is 
discharged to  the sea via a long outfall. The systems installed under the PAQPUD project 
are settled sewerage systems [systèmes d'assainissement semicollectif). These systems 
derive from an approach initially piloted in Senegal by the Senegalese NGO ENDA-RUP 
(Gaye & Diallo 1997). As noted in Section 3.1, settled sewerage (= solids-free sewerage) 
basically involves the sewering of septic tanks, such that solids settle and remain on-site, 
and only the liquid fraction is piped away (Figure 2, page 20). This system is well-adapted to  
Dakar, where most households, even in low-income areas, already have a pour-flush toilet 
discharging to a septic tank (Hoang-Gia et al. 2004). Potential advantages of settled 
sewerage with respect to  solids-transporting sewerage include a) that pipes can be laid at 
much shallower gradients, reducing construction costs; b) a lower risk of system blockages, 
since potential "blockers" (e.g. sanitary towels) are retained on-site; and c) putatively lower 
wastewater treatm ent costs, since much of the organic load is retained on-site. Potential 
disadvantages include a) the need to  construct septic tanks if these do not already exist or 
are too small; and b) a continued need to empty solids from septic tanks. Nevertheless, 
tank emptying should be much less frequent, since the liquids are piped away.^
PAQPUD specifically focused on lower-income urban residential districts of Dakar proper, 
together with lower-income urban and semi-urban residential districts forming part of 
Greater Dakar [départements o f Guédiawaye, Pikine and Rufisque). Project targets included 
60,000 on-site sanitation facilities (mostly septic tanks) serving 270,000 people, public and 
school latrines serving 30,000 people, and settled sewerage systems serving 127,000  
people in 11 low-income districts (Guène et al. 2010). The total project budget was about 
43 million US$, about tw o thirds of which was allocated to the on-site sanitation 
component and about a third to  the settled sewerage component (Guène et al. 2010). The 
on-site sanitation intervention was implemented diffusely in 33 districts (communes) 
throughout Greater Dakar, i.e. practically all communes in Greater Dakar except those of 
the central business/residential districts. Householders were offered a wide range of 
sanitation improvements, including outdoor sink-plus-soakaways, flush toilet and shower 
units, small tw in-pit septic tanks, and large septic tanks (ONAS 2004; Tounkara, Toure & 
Gueye 2008). By contrast, the settled sewerage component was implemented in small 
areas within 11 districts. As noted, this is the first large-scale implementation of low-cost 
sewerage approaches in sub-Saharan Africa.
 ^ Indeed the results of the present study (see Section 5.3.3.4, page 89) Indicate that sewered septic tanks may not show 
significant solids accumulation even after two years of function.
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PAQPUD planners report that settled sewerage was preferentially introduced in districts 
with impermeable soils and high w ater tables (RD-12, RD-20, R-29, various interviews; ID- 
29); in these districts, septic tanks regularly fill up during the w et season, often obliging the  
householder to spend significant sums of money on emptying (Hoang-Gia et al. 2004). A 
secondary criterion was layout: several of the districts selected have irregular layouts with 
very narrow streets (often < 2 m width), so that vehicle access and the laying of 
conventional sewers are judged to be difficult (RD-12, RD-20, R-29, various interviews).
The 11 settled sewerage schemes are located throughout Greater Dakar (Figure 8), with 
targeted coverage for each scheme ranging from about 100 to about 1400 households 
(Table 8, page 76). The initial total targeted coverage of 11,200 households was reduced to  
about 7,200 households during the detailed planning stage (ONAS 2008a, 2009a; Guène et 
al. 2010). The four schemes in Dakar proper are designed to  connect to the existing central 
sewerage network (with treatm ent at Cambérène); one scheme is designed to  discharge to  
the existing stabilisation pond in Rufisque; the remaining 5 schemes include small new-built 
local treatm ent plants (either anaerobic filters or, in one case, stabilisation ponds). In all 
cases final discharge is to  the sea. As at April 2010 only 5 of the 11 settled sewerage 
schemes were operational, serving by my estimate about 2355-3246  households (33-45%  
of the revised target of 7,200) (see Section 5.3.3).
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Figure 8. Map showing the location o f the 11 projected settled sewerage schemes. The white line indicates the approximate 
extent o f the Dakar agglomeration. The Yoff scheme comprises two sub-schemes (Yoff Village and Yoff Biagui); Cité OF = Cité 
Gusman Fail. [Satellite image from  Google Earth, used in accordance with Google’s Permission Guidelines, 
http://www.googie.com/permissions/geoguideiines.html, consulted 12 April 2010.]
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5.3.1.1. Characteristics of the PAQPUD districts
All 11 districts selected for the PAQPUD settled sewerage intervention were relatively low- 
income districts located away from Dakar's business centre, but socioeconomic and habitat 
characteristics varied widely. Most are "village" districts, i.e. pre-urbanisation fishing 
villages now absorbed into the urban fabric, but retaining features including irregular street 
layout; however, some districts have more linear layout, including Yoff Biagui, most of 
Cambérène, and Rufisque. Housing density and vehicle access (relevant for septic tank  
emptying) vary widely, but most of the districts have areas with very narrow alleys and 
difficult access. The author does not have detailed data on income levels in the different 
districts, but Hann, Rufisque and Bargny (none finally served under the project) are 
probably the poorest, while Cambérène, Cité Ousman Fall and the cité (estate) parts of Yoff 
and of Mbao are probably the wealthiest. In some parts of most areas, the w ater table is 
very close to the surface, so that septic tanks (the predominant sanitation solution in Dakar) 
function poorly and require frequent emptying. [These conclusions draw on various data 
sources, including diverse interviews with ONAS staff and PAQPUD Community 
Coordinators (see Appendix I), the available project planning studies for each individual
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scheme (Cabinet EDE 2006a, 2006b, 2006c, GEOH 2006, GRESTECH 2004, 2005, and 
Hydroconsult 2005), and field visits.]
S.3.1.2. Subsidy levels and pro-poorness strategy
Over 95% of the construction cost of the PAQPUD settied sewerage component was 
subsidised by the project (i.e. by the World Bank concessionary loan to the Senegalese 
government), with householders paying only 7 ,000 -22 ,000  fCFA (about US$ 14 -44 ) for 
connection and often for construction of a new septic tank. Project planning documents 
stated that the project would be targeted at the poor, but did not explicitly define "poor" in 
any quantitative or indeed qualitative way. In interviews with project staff within ONAS and 
AGETIP, and higher-level stakeholders in PEPAM and the World Bank, interviewees 
repeatedly expressed the view that targeting of poor districts (i.e. geographical targeting) 
was sufficient, and that within-district targeting of poorer households would not have been 
cost-effective.^ Project managers also repeatedly expressed the view that the low 
connection fee (22,000 fCFA ~ US$ 44) was within the ability-to-pay of practically all 
householders. Guène et al. (2010) state that several targeting methods were evaluated at 
the design stage, and it was deemed that geographical targeting would be most cost- 
effective given the costs of alternative methods. This meant that the subsidy was available 
to  everyone within the project area, as long as they were willing and able to pay their up­
front contributions. Guène et al. (2010) state that inclusion error with such methods is 
minimised when the selected areas are poor in a homogeneous manner, like "urban slums 
with no sewer connections (as in Senegal)"; for my results in relation to this assertion, see 
Section 5.3.4 (page 100).
Notwithstanding this stated policy of geographical targeting only, project staff involved in 
social marketing and community liaison —both within AGETIP and within the local 
community-based organisations— indicated that deliberate efforts were made to  target 
poorer households within each district (ID-33, ID-44, ID-48). It seems likely that there was 
marked variation among districts in this regard, depending on the personal commitment of 
the local community liaison staff to pro-poor provision. In Rufisque, the local community 
liaison worker {coordinateur social) reported that he had tried to negotiate a micro-credit 
scheme with the local council (the commune, “la mairie") and the local branch of the  
Senegalese microcredit agency PAM EGAS, in order to obtain credit for maybe 100 poorer 
households; a grant payment was obtained for about 10 households, but no grant or 
microcredit was obtained for the remainder (ID-47). In other districts - fo r  example M b a o - 
interviews with iocal staff and representatives of the local council (ID-4, ID-9) suggested 
that there had been little or no serious effort to target poorer households, as is supported 
by the results presented in Section 5.3.4.
1 High-level managers expressing this view included the Coordinator of PEPAM (the national long-term water and sanitation 
programme) (R-19), the manager of the PAQPUD programme at ONAS (R-12), and the Worid Bank Water and Sanitation 
Program representative in Dakar (R-1).
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5.3.2. PAQPUD e v a lu a t io n :  M e th o d s
This evaluation is based centrally on householder surveys carried out over the period 
September - November 2009 in three (Ngor, Ouakam and Mbao) of the five project districts 
with operational settled sewerage interventions as at late 2009 (see Figure 8 page 67 for 
map showing project locations). These districts were selected non-randomly w ith the aim of 
maximising representativity: Ngor is a "village" community with dense traditional layout 
close to  central Dakar, and the system had been operational for over 2 years; Ouakam is a 
mix of village and more recent urbanisation types, again close to central Dakar, but with the 
sewerage system only operational for a few  months at the tim e of study; Mbao is likewise a 
mix of traditional and more recent urbanisation types, in the suburbs about 15 km from  
central Dakar, again with the sewerage system only operational for a few  months. The 
operational settled sewerage schemes not included in the householder surveys were Cité 
Ousman Fall (a small pilot scheme in a relatively wealthy closed estate for employees of a 
local factory) and Yoff (two large schemes in a district close to  Ngor and with social and 
habitat characteristics similar to Ngor and Ouakam).
In addition, this evaluation also draws on a number of other sources: a) small-sample pilot 
householder surveys carried out in February 2009 in Ngor, Yoff and Cité Ousman Fall; b) 
qualitative interviews with a range of actors involved in project implementation; and c) 
diverse types of project documentation.
5.3.2.1.Semi-structured interviews
Semi-structured interview methods were used to interview diverse stakeholders involved in 
the project, including programme planners and managers in the relevant institutions 
(notably ONAS, AGETIP, and the World Bank); consulting engineers who had been involved 
in project planning, management and quality control; programme staff at the community 
level (often also members of local community organisations, and in general no longer 
employed by the project at the tim e of interview); and diverse other people with 
involvement in or knowledge of the project. Interviews were carried out in line with  
standard approaches (Lindlof & Taylor 2002, Bryman 2004), using a pre-prepared interview  
schedule but expanding into more specific areas in response to the progress of the  
conversation. Interviews were recorded when the respondent was happy with this; but in 
most cases the respondent did not want to  be recorded.
The full list of interviews is shown in Appendix I (which also lists interviews obtained in 
Accra and Nairobi: see Sections 5.4.1 and 5.4.2). Interviews and respondents are referenced 
in the text by a code of the following type: ID-2 is Dakar Interview number 2, RD-3 is Dakar 
Respondent number 3 (lA and RA are the corresponding codes for Accra, and IN and RN the  
corresponding codes for Nairobi).
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5.3.2.2.Householder survey: sample size and household locations
In Ouakam and Mbao, householder surveys were obtained for tw o population groups in 
each district: nominal beneficiaries (i.e. households listed by ONAS as project beneficiaries), 
and nominal non-beneficiaries (i.e. households within the sewered area, but not listed by 
ONAS as beneficiaries). In Ngor, only a single sample was obtained, of nominal 
beneficiaries, since almost all households were reported by ONAS to be beneficiaries. 
W ithin each population group, households were sampled randomly. The procedure for 
estimation of required sample sizes and for random selection of households is detailed in 
what follows.
Estimation of required sample sizes involved prior estimation of total population sizes N. 
For the nominal beneficiary samples, N was simply the total number of households on the  
ONAS-supplied list of nominal beneficiaries for that district (481 for Ngor, 932 for Ouakam, 
627 for Mbao). For the non-beneficiary samples, N could only be estimated very 
approximately, as neither ONAS nor the respective municipal authorities were able to  
supply accurate estimates of the total number of households in the study districts: 
estimates of total number of non-beneficiary households within the sewered area were 946  
for Ouakam (inferred from a map of households produced by a previous development 
project) and 773 for Mbao (inferred from an estimate supplied by the local primary 
healthcare centre on the basis of a recent district-wide household visits programme; but 
given uncertainties about area covered, this is a crude estimate). Note that this uncertainty 
about N for non-beneficiary households will have only a small impact on precision (for 
example, the estimate of mean income in Mbao is likely to be little affected even if true  
non-beneficiary population size is double that assumed); but of course it means that it is 
not possible to  accurately assess the total number of non-beneficiary households in each 
district.
For the nominal beneficiary samples, required sample size was determined as that sample 
size required to  obtain a reliable estimate of the proportion of nominal beneficiaries who 
were in fact full beneficiaries. This was done using the procedure of Zar (1998, formulae 
7.12 and 24.35) for estimation of the size of a simple random sample required to  estimate a 
proportion, with application of a finite population correction given that population size is 
known. This procedure was implemented in the programme WinPepi Version 10.0, with 
required confidence level 95%, acceptable difference 0.1 (i.e. required estimate precision 
±20%), assumed true proportion 0.2-0.7, and population size 481 (Ngor), 932 (Ouakam) or 
627 (Mbao). For the non-beneficiary samples, the same prerequisites were applied 
(confidence level 95%, acceptable difference 0.1, assumed true proportion 0.2-0.7), with  
population sizes 946 (Ouakam) or 773 (Mbao).
Given required sample sizes, households were then selected randomly: the precise 
procedure used for each sample differed depending on the information available. In the  
case of the three nominal beneficiary samples, full lists of the names of heads of household.
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together with approximate addresses, were supplied by ONAS, and it was therefore  
straightforward to randomly select the required number of households from this list (by 
numbering the households, then using an online random number generator; see below), 
and then search for each household until found. For the Ouakam non-beneficiary sample, 
plots were numbered on the map of Ouakam plots (see above), giving a numbered list of 
1878 plots; a random selection procedure was then applied to  identify the required number 
of plots (946); the geographical coordinates of these plots were obtained from the map, 
and marked on a Google Earth satellite image of the area; equipped with a print-out of this 
image and a handheld GPS, the interviewer then located that plot in the field; if that plot 
indeed contained a non-beneficiary household, the householder was interviewed; if not 
(i.e. the plot was empty or contained a nominal beneficiary household), the interviewer 
moved left to the next plot until an eligible household was found. For the Mbao non­
beneficiary sample, plots were identified by random selection of geographical coordinates 
within the sewered area, followed by application of a similar procedure to  that for Ouakam: 
the locations were marked on a Google Earth satellite image; with print-out and GPS, the  
interviewer then located that plot; if it contained a non-beneficiary household, the  
householder was interviewed; if not, the interviewer moved left to  the next plot until an 
eligible household was found. For all random selection procedures, random sequences 
were obtained with Research Randomizer (www.random izer.org).
In what follows, most findings draw largely on the surveys of nominal beneficiaries; the  
surveys of non-beneficiaries are mainly relevant to assessment of project pro-poorness and 
reasons for non-participation (Section 4.3.5).
5.3 2.3. Householder survey: questionnaire
The survey used a pre-designed single-sheet questionnaire, drawing on questionnaires used 
in related previous evaluations (Vines and Reed 1991/92; Nance 2005), but adapted to  the  
specific context of the PAQPUD project. An initial draft o f the questionnaire was piloted in 
February 2009, in rapid surveys carried out in 3 project areas (Ngor n = 20 households, Yoff 
n = 20 households, Rufisque n = 10 households). Diverse modifications were made to the  
questionnaire following the pilot: notably, this piloting highlighted the importance of 
questions to assess whether "connected" households had actually made the final in-plot 
connection between their septic tank and the connection point. The final questionnaire 
included basic sociodemographic questions (including reported monthly household income, 
and ownership of assets including TV, fridge and car); questions about w ater supply and 
associated costs; questions about sanitation status before the project; questions about 
exactly what was supplied by the project, and associated costs; questions for beneficiaries 
about satisfaction with the installations, and about blockages and similar problems; 
questions for non-beneficiaries about why they had not benefitted; questions about who 
the householder judged to be responsible for system maintenance; and questions about 
how the householder had heard about the project (if at all). The questionnaire is shown in 
Box 2 (page 75).
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The questionnaire was written in French, and was administered verbally by tw o W olof- 
speaking interviewers, who generally worked alone. Both interviewers were Dakar 
residents, with degree-level education and experience of sanitation projects and social 
research. Interviewers were trained by the author at the start of the study period, and 
monitored at regular intervals throughout. Training was done by first explaining to the 
interviewers the purpose of the survey, and then [in each of the six locations and or each of 
the 2 interviewers employed at any one tim e] accompanying the interviewer for one day 
during interviews which were initially carried out by me (with the interviewer acting as 
interpreter where necessary, i.e. when the respondent did not speak French) and later in 
the day by the interviewer with me observing and commenting. Subsequently the 
interviewer was left to work alone. Completed questionnaires were returned to  me daily, 
and reviewed with the interviewers present to  check completeness and resolve issues 
arising. Monitoring involved me accompanying the interviewer for half a day about once 
every fifth day, checking that householder selection and data collection were being done as 
planned. Areas in which the interviewers particularly required guidance were household 
selection (i.e. random selection as per the procedure indicated in the previous subsection) 
and questioning to assess monthly household income.
53.2.4. Poverty evaluation
For the purposes of this study, poverty was defined as monetary income poverty: this was 
measured as reported per-capita monthly income, calculated as monthly household income 
as reported by the respondent, divided by number of people in the household (including 
children), again as reported by the respondent. This approach has a number of limitations 
(Coudouel et al. 2003). Notably, self-report data is not an objective measure, and 
respondents may deliberately over- or under-state their income; indeed, some respondents 
may simply refuse to give an estimate of their income. In addition, average monthly 
household income is often genuinely difficult for respondents to estimate, since many 
households have variable non-salary income and/or several wage-earners and/or 
fluctuating household composition; this was certainly noted during interviewing in the  
present study. Alternative approaches include expenditure-based measures (i.e. questions 
aiming to assess total household expenditures on defined categories of goods and services) 
and assets-based measures (i.e. questions about ownership of assets like a TV and a fridge) 
(Morris et al. 2000, Coudouel et al. 2003). However, both approaches require complex 
question sets which are time-consuming within the interview process, and which also 
require validation for a particular location: for example, collection of data on asset 
ownership is only of strong value if detailed location-specific studies have already been 
carried out to  identify relationships between asset ownership and monetary income 
(Coudouel et al. 2003). In view of these difficulties, reported per-capita income was judged 
to  be the most appropriate measure for the present study }  Asset data were in fact also
As noted in Section 7.3 (page 191), the methodology used for poverty assessment is judged by the author to be one of the 
most important weaknesses of this thesis, and certainiy not a model to be followed in future research; however, i do not 
think it likely that this methodological weakness had any substantive impact on conclusions.
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obtained, but diverse exploratory statistical analyses (including scatterplots and Spearman 
rank correlation analysis; results not shown) indicated only weak correlation with reported 
income, and in the absence of a known relationship between asset ownership and 
monetary income in the Dakar context, it was decided not to  use this data for wealth  
assessment.
M onetary income is in fact only a partial measure of poverty in the broader sense (which 
may be considered to  include asset poverty and sociocultural poverty, e.g. lack of 
education). However, in the present context income poverty can be considered centrally 
important, since the question of interest is whether low disposable income was a factor 
impeding access to a sanitation programme that required monetary contribution from the  
householder.
5.3.2.5. Poverty cut-offs
Given the data on reported monthly per-capita income for each household, three sets of 
poverty cut-off were then applied, to  answer specific questions. First, to assess the  
effectiveness of pro-poor targeting on the macro-scale (i.e. were the project districts 
poor?), the cut-offs were A) the Senegalese national income poverty thresholds (< 10738 
fCFA/capita/month = "extreme poverty"; 10738-20714  fCFA/capita/m onth = "moderate 
poverty"), and B) income poverty thresholds for Dakar (< 14712 fCFA/capita/m onth = 
bottom quintile; 14712-25477 fCFA/capita/m onth = middle three quintiles; > 25477  
fCFA/capita/month = top quintile; ESPS 2005/2006; note that the ESPS data are in fact 
monthly expenditure estimates, not monthly income estimates, but these can be 
considered closely equivalent). Second, to  assess the effectiveness of targeting at the  
community level (i.e. within each project district, were poorer households served?), the  
cutoffs used were C) income thresholds derived from my own income data for each district 
(bottom quintile, middle three quintiles, top quintile within each district). [fCFA = CFA 
francs; 1000 fCFA = 2 US$.j
5.3.2.6. Targeting measures
Within a given population and using a given set of poverty cut-offs, the effectiveness of pro­
poor targeting (i.e. the degree to which the project successfully served poor households as 
defined by that cut-off set) was assessed by calculation of exclusion error (type-2 error): in 
other words, what proportion of poor households within the target population were not 
served by the project. This was calculated as 100-CRp, where CRp = percentage coverage 
rate among poor households, i.e. proportion of poor households that w ere served. For 
some analyses I also calculated inclusion error (type-1 error) as CRnp = percentage 
coverage rate among non-poor households, or targeting differential TD = CRp-CRnp; TD 
gives equal weight to  exclusion and inclusion errors; a TD value of 100% means that all poor 
households and no non-poor households have benefitted; a TD value of -100% means that 
all non-poor households and no poor households have benefitted (see Ravallion 2009). The
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same measures, mutatis mutandis, were also used to assess targeting a) of tenants and b) 
of households without a toilet.
53.2.7. Data analysis
Household survey data were transcribed to Microsoft Excel. Coding (i.e. assignment of 
numerical values to  categorical responses) and simple analyses (e.g. calculation of per- 
capita income given reported monthly household income and number of people in the 
household) were done in Excel. Statistical analyses were performed with SPSS version 16.0.
[Evaluation findings continue on page 77.]
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Box 2. Questionnaire used fo r the PAQPUD evaluation (this is the first page; the second page gave space fo r additional 
notes/diagrams, and also Included brief information about the study fo r respondents, in French and W olof as well as contact 
details fo r the researcher and Institution). This is a translation to English: the actual questionnaire used was In French, though 
In most cases It was presented orally by the interviewers in Wolof. The form at o f the questionnaire is here slightly modified 
(e.g. white space removed) in order to f it  it on the page.
PAQPUD QUESTIONNAIRE 
HOUSEHOLDERS
LOCATION: DATE/TIME: TODAY NO.:
la ) Address lb ) GPS
Ic ) Interviewee name Id ) Interviewee profession/livelihood
le ) Head of household (HoH) name If)  HoH profession/livelihood
2) Sociodemographic | 2a) No. people hhold 2b) No. children hhold 2c) No. earners hhold
2d) Owner-occ or tenant? 2e) Monthly hhold income (fCFA)
2f) TV/s? 1 2g) Fridge/s? | 2h) Car/s? 2i) Animal in plot?
2j) Description o f dweliing
2k) Street/district: Faecaliy contaminated water visible in street? How far? Open drainage canals?
3) Water supply [interviewees with hhoid connection] 3a) No. outside taps 3b) No. inside taps
3c) Bimonthly water bill (fCFA) 3d) Do you consider that to be a fair amount? 
->5
4) Water supply [interviewees without hhoid connection] 4a) W ater source?
4b) Bimonthly cost (fCFA) 4c) Do you consider that to be a fair amount?
5) Toilets 5a) No. toilets, description
5b) Toilet hygiene? (very clean - normal - dirty)
5c) Signs of poor faecal hygiene (e.g. children playing in toilet area)?
6) Sewerage [settled sewerage districts] 6a) Are you connected to the system?
6b) If you are not connected to the system, why not? [Choose the most important reason; more info overleaf if  required]
I) W e didn't want to connect
I!) W e wanted to connect, but it was too expensive or iii) our request was turned down
iv) W e paid the fee ("la contribution"), but the Project didn't finish the works either within the plot or in the street
v) W e paid the fee, and the Project finished the works within the plot; but we're not connected because the network is still 
not operational in our street or in the district as a whole
V i)  We paid the fee, the Project finished the works within the plot, the network is operational; but the householder has not 
made the final connection 
vii) Other...
7) Sanitation hardware (septic tanks, etc.) 7a) Did the Project buiid anything in your plot? [yes/no]
7b) Exactly what facilities/hardware did you have before the Project?
7c) If the Project built or contributed anything inside within your plot: what exactly?
7d) When? 7e) W hat did it cost you? (fCFA)
7f) Have you had to do any additional work? W hat exactly? Who did it? W hat did it cost you? (fCFA)
8) Operation and maintenance [settled sewerage districts]
8a) If you are connected: are you satisfied with the system? if not, why not?
8b) Have you suffered blockages or other problems? W hat exactly happened? Did it cost you any money?____________________
8c) Have your neighbours suffered blockages or other problems? In general, do you think that people in this district are happy 
with the system?
8d) In your view, who is responsible for blockages and other problems in the plot?
8e) And blockages and other problems outside your plot: who's responsible?
8f) Do you know of any person, committee or organisation responsible for the operation and maintenance of the system? If 
so: have you had contact with them? Do you know how to contact them? Do you pay any sort of fee for O&M?
^10
9) Operation and maintenance [districts without sewerage]
9a) Are you happy with the facilities provided by the Project (see 7c)? If not, why not?
10) Performance (desludging)
10a) How many times a year do you empty your septic tank? Who does it? How? How much does it cost? (fCFA)_____________
10b) If you're connected to the network: how often did you empty your septic tank previously? Who did it? How? How much
did it cost? (fCFA)______________________________________ ___________________________________________________________
11) Community consultation |
11a) When the Project started, were you consulted about what you wanted? Did Project staff visit you or contact you?______
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Table 8. Summarised status and coverage data fo r the 11 PAQPUD settled sewerage schemes.
System N e tw o rk  sta tus as a t  A pril 2 0 1 0 O riginal
coverage
targ e t
(households)
[OCT]
C onnections  
(O N A S claim )
A u th o r
e s tim a te  o f in ­
p lo t
connection
r a te '
A u th o r  
es tim a te  o f 
e x tern a l 
connection  
ra te ’’
Final es tim a te  
(pessim istic)'
Final es tim a te  
(o p tim is tic )'’
1) Y o ff* OPERATIONAL: M o st o f the n etw o rk  
o pera tiona l since February 20 08 , b u t w ith  
significant problem s
2,17 0 13 60 (N o  es tim ate ) (No estim ate ) 8 9 8 ' [41%  o f 
OCT]
1 1 8 3 ' [55% ]
2) C a m b é rè n e * NOT OPERATIONAL: N etw o rk  n o t fu lly  
te rm in a te d , and pum ping station  not 
com m enced
1 ,750 1 0 00  (57 1 ) 0 0
3) O u a k a m * OPERATIONAL: N e tw o rk  o pera tiona l 
N o ve m b er 2008 .
1,40 0 1000 54%
(95C I=44-65% )
87%
(9 5 0 = 7 8 -9 3 % )
5 4 0  [39% ] 
(9 5 0 = 4 4 0 -6 5 0 )
87 0  [62%] 
(9 5 0 = 7 8 0 -9 3 0 )
4) H ann Bel A ir* NOT OPERATIONAL: N etw o rk  not 
com pleted
1,750 86 8 0 0
5) Th ia roy e NOT OPERATIONAL, STALLED: N etw o rk  
c om pleted , b u t local opposition  to  
t re a tm e n t p lant preven ting  inauguration.
910 817 0 0
6) M b a o OPERATIONAL: N etw o rk  o p era tio na l since 
S e ptem ber 20 09
700 66 8 66%
(95C I=56-76% )
96%
(9 5 0 = 8 9 -9 9 % )
4 3 2 [6 2 % ]  
(9 5 0 = 3 7 4 -6 6 7 )
678 [97% ] 
( 9 5 0 = 5 9 5 -6 6 1 )
7 ) Bargny N O T OPERATIONAL: N etw o rk  basically 
com pleted , bu t aw aiting  construction o f  
pum ping and tre a tm e n t stations.
630 4 4 3  (287) 0 0
8 ) N g o r* OPERATIONAL: O p e rational since February  
20 07
630 44 3 77%
(95C I=67-85% )
77%
(9 5 0 = 6 7 -8 5 % )
34 1  [54%]
9 5 0  (29 7 -37 7 )
341 [53% ] 
(9 5 0 = 2 9 7 -3 7 7 )
9) R u fisque* NOT OPERATIONAL: N etw o rk  basically 
co m pleted , b u t aw aiting  construction o f 
pum ping station .
910 290 0 0
10 ) C ité  O usm an  Fall OPERATIONAL: O p e rational since February  
20 07
210 174 (N o  es tim ate ) (No es tim ate ) 174 [83%] 174 [83%]
11) C itéSO N E S NOT OPERATIONAL, STALLED 140 109 (0) 0 0
TOTAL 11 ,2 0 0 7 ,17 2  (6 ,4 78 ) 23 5 5  [21% ] 32 46  [29% ]
serving Rufisque); systems without asterisk were designed to discharge to small local part-treatment plants and then to the 
sea (or, more accurately, the beach).  ^ Estimated proportion of nominal beneficiaries who have both an in-plot and an 
external connection (see Figure 2), based on the 2009 householder survey data (see companion article in this issue), 95C1 -  
95% confidence interval.  ^ Estimated proportion of nominal beneficiaries who currently have only an external connection, 
based on 2009 householder survey data (REF). '  Estimate based on in-plot connection rate (i.e. the number of households 
with a currently functional sewerage connection). Estimate based on externai connection rate (i.e. the number of 
households who have a currently functional connection, or at ieast a connection reaching their plot boundary to which they 
could connect in the future).  ^ Estimates obtained by using the grand-mean in-plot and external connection rates for Ngor, 
Ouakam and Mbao (66% and 87% respectively).
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5 . 3 , 3 .  E v a l u a t io n  f in d in g s : Ex t e n t  o f  p r o v is io n ,  u s e r  s a t is f a c t io n ,
AND MAINTAINABILITY
This section reports aspects of the outcome of the PAQPUD project in all districts, and also 
findings derived from the householder surveys carried out in three of the operational 
districts (Ngor, Ouakam, Mbao), as follows:
•  Summary of outcome in the 11 schemes (Section 5.3.3.1 - 5.3.3.5)
•  Householder survey results (Ngor, Ouakam, Mbao): observed coverage among
nominal beneficiaries (Section 5.3.3.6)
•  Householder survey results (Ngor, Ouakam, Mbao): beneficiary satisfaction and
system maintainability (Section 5.3.3.7)
For summarised intervention characteristics in the 11 districts, see Table 8 (page 76). For a 
map of Dakar showing the locations of the intervention districts, see Figure 8 (page 67).
5 .3.3.1. Overall project outcome
As at late 2010 only 5 of the 11 settled sewerage schemes were operational, serving an 
estimated 2355-3246  households (21-29%  of the original target of 11,200, or 33-45%  of 
the revised target of 7,200) (Table 8, page 76). This situation has not changed since 
September 2009. Even in the operational districts (especially Yoff and Mbao), significant 
elements of the system remain non-operational, as detailed below. End-of-project reports 
from ONAS (ONAS 2009a, 2009b) claimed about 90% achievement of target; however, 
these are estimates of network completion, w ithout taking into account either the number 
of households actually connected, or w hether pumping stations and treatm ent facilities are 
up and running. In several districts the network has been basically completed but remains 
non-functional because the required pumping station has not been built (RD-23, RD-29). It 
remains unclear exactly why this has occurred, and why AGETIP (the contract management 
agency) has not commenced procedures to recover delay penalties from any of the various 
companies involved, despite evidently serious non-compliance (see Section 5.3.3.2 below).
If we assume an average of 11.4 people per household, the 2355 -3246  households served 
correspond to about 23,000-37,000 people. [This is the average household size assumed by 
ONAS in project planning, supported by my own very similar estimate of 11.6 from  
householder surveys in Ngor, Ouakam and Mbao.]
Before proceeding to consideration of the individual schemes (Box 3 below), it is im portant 
to  clarify project procedure. For each scheme, an initial target number of households was 
defined at project appraisal; there was a subsequent phase of house-to-house visits to  
assess technical feasibility and householder willingness to participate, and in all cases the  
target coverage dropped at this stage (see Table 8, page 76), probably reflecting not only
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technical constraints but also budget exhaustion (interviewees including RD-1). Participant 
households paid a fee (typically 22,000 CFA francs [fCFA] = US$ 44, in some districts 
reduced to just 7,000 fCFA = US$ 14 by an additional subsidy from the local commune); in 
return, they received the required in-plot installations and connection to the network (i.e. 
to the street sewer). Most commonly, the household already had a septic tank; the project 
thus supplied an interceptor tank connected to the network. The external connection 
supplied (from interceptor tank to street sewer) becomes a full connection only if the 
householder makes the necessary in-plot connection from their septic tank to the 
interceptor tank (see Figure 2, page 20).
Box 3. Characteristics and outcomes of the 11 different PAQPUD settled sewerage schemes.
1) Yoff (operational)
PAQPUD has constructed two separate schemes In Yoff Village and Yoff Biagui, both designed 
to discharge to  Dakar's existing conventional sewerage network. Yoff Village is a fishing village 
now absorbed into the urban fabric, but mostly retaining its indigenous population; population 
density is high (200-314 people/ha; Cabinet EDE 2006a) and vehicle access difficult in some 
parts. Yoff Biagui is a more modern planned community, w ith much lower population densities 
(28 people/ha; Cabinet EDE 2006a) and good vehicle access. Soils have low permeability 
(Tounkara, Toure & Gueye 2008), and householder interviews in Yoff Village in February 2009 
indicated that, prior to the project, septic tanks needed to  be emptied regularly.
Both systems became operational in February 2008; of the initial target of 2170 households, I 
estimate that about 55% received an external connection, and about 41% made the full 
connection (Table 8, page 76). Interviews w ith householders and local community 
representatives suggested a) that a significant proportion of the population wanted to connect 
but couldn't afford to, and b) that some parts of the network were suffering from chronic back­
up problems (probably a result of poor pipe-laying) (ID-27, ID-45, ID-46). A particular problem 
arose in streets close to a holy location (a marabout residence and cemetery): about 200 
households could not be connected because members of the community did not want the 
sewer to pass in front of this site (ID-46, ID-41).
The original project planning document (Cabinet EDE 2006a) stated that an existing pumping 
station w ithin the conventional sewerage network would have to be upgraded to cope w ith the 
increased flow  from the new Yoff networks, but this had not been done as at late 2010. As a 
result, all wastewater from the Yoff system overflows onto the adjacent beach (which is heavily 
used by the local population) (see photo Figure 33, page 92). ONAS staff (RD-12, RD-29) 
indicated that funding for the pumping station upgrade (about US$ 120,000) has been diverted 
from funds originally allocated to the settled sewerage scheme in Thiaroye (see below); this 
implies initial underestimation of the upgrade cost.
2) Cambérène (not operational)
Cambérène is a medium-low-income area: few households are very poor. Most streets have 
good vehicle access; many buildings are two-storey. Network construction commenced in 
March 2007, and is basically finished, though only about 33% of the initial target of 1750 
households received an external connection (Table 8). The system is not operational because 
the pumping station required to connect to  the conventional sewerage network has not been 
constructed (RD-16, RD-29, RD-30, RD-26). Various sources (including RD-16, RD-30 and RD-26) 
indicate that there was initially community opposition to construction of the pumping station 
because it was located alongside an area used by local youths to play football. This opposition
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was subsequently overcome, but the contractor did not proceed with construction, indeed 
reportedly did not even present plans. As at late 2009, ONAS staff (RD-29, RD-12) confirmed 
the non-compliance o f the contractor, and indicated that a new contractor was being sought; 
however, work has not yet started. [As fo r  Rufisque and Bargny, no project appraisal study was 
produced fo r  this scheme, though o f course engineering plans were produced; RD-12.]
3) Ouakam (operational)
Ouakam is a district of mixed typology: some areas have traditional village layout, w ith high 
population densities and often difficult vehicle access; other areas have more modern layout 
w ith w ider streets. Soils are reasonably permeable, and throughout most of the area the water 
table is reportedly located at a depth of about 12 m (GRESTECH 2005); however, in my 
householder surveys, many interviewees reported very high septic tank emptying costs.
The scheme was initially projected to serve about 1,400 households, but the householder 
survey data indicate that the external connection rate is only about 62% of this targeted total, 
and the full connection rate only about 39% (Table 8, page 76).
The scheme has one pumping station, currently operational, which discharges to Dakar's 
existing sewerage network. Notwithstanding localised minor issues w ith the network, and 
issues w ith construction quality of small infrastructure (septic tanks, interceptor tanks, 
inspection chamber covers), this is certainly one of the most successful of the 11 schemes: 
unlike Yoff and Mbao, the system is discharging as planned, and there is no substantial 
construction work outstanding.
This is one o f the three districts that was studied in depth by householder survey over the 
period September - November 2009.
4) Hann Bel Air (not operational)
Hann Bel Air is another traditional village community, where fishing remains an important 
source of income. Population density is high (200-350 people/ha) and vehicle access often 
difficult (Cabinet EDE 2006c). Many parts of the project area have highly impermeable soils and 
very high water tables. This is one of the poorest areas of central Dakar (Minvielle, Diop &
Niang 2005). The local network is largely completed, and interviews w ith project managers and 
local community coordinators (RD-15, RD-22, RD-29) suggest that of the initial target of 1,750 
households about 50% have received an external connection (Table 8). However, the system is 
not operational, notably because of non-termination o f the required pumping station, though 
also because parts of the network remain unfinished (RD-15, RD-22, RD-29). An ONAS internal 
report indicates that work was delayed because of "difficulties of excavation in a coastal 
location (high water table and loose soil)" (ONAS 2008a). As at late 2009, there had been no 
construction work for almost 6 months. Local community representatives reported that 
construction quality is poor (RD-15), and many inspection chamber covers have been damaged 
by trucks (RD-15, and personal observations November 2009). Some people have opened 
inspection chambers in an attempt to drain rainwater during the rainy season; this has led to 
back-ups into lower-lying households, and entry o f large amounts of sand into the network 
(RD-15).
5) Thiaroye-sur-Mer (not operational)
The projected area for this scheme is a traditional village w ith high population density, poor 
vehicle access, and a very high water table; the system was designed to include a pumping 
station and a new-built local treatment plant (a wastewater stabilisation pond system 
comprising one anaerobic and one facultative pond) (Cabinet EDE 2006b). ONAS reports that 
the network was basically completed in early 2008, and that about 90% of the initial target of 
910 households received an external connection (RD-12, ONAS 2009a, 2009b). However, the 
system is not operational because work has not commenced on the pumping station and 
treatment plant. Indeed, as noted, the funds allocated to these components were reportedly
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re-allocated to cover the cost of upgrading a pumping station in Yoff (RD-12). A plot of land for 
the treatment plant was donated by Nestlé, who have a factory in the area, but construction 
could not commence because of opposition from a group of about 20 households in the vicinity 
of the planned treatment plant, none served by the project (since the donated plot lies outside 
the project area) (RD-10, RD-12). Interviews w ith ONAS and AGETIP (RD-12, RD-4), and w ith the 
spokesperson of the opposition group (a local councillor) (interview by Pippa Scott, personal 
communication), suggested that land costs were not included in the initial budget, so that the 
project was dependent on donated land; the land offered by Nestlé was separated by just a 
few metres from the neighbouring houses (RD-10, Pippa Scott). Furthermore, there was 
reportedly no attempt to negotiate a settlement with these householders before the project 
began (Pippa Scott, personal communication). AGETIP sources (RD-4, RD-33) suggested that the 
conflict was rooted in jealousy (because the householders were not beneficiaries); however, 
the spokesman of the opposition group suggested that residents were genuinely concerned 
over the proximity of the plant and potential nuisances (especially in case of flooding) (Pippa 
Scott, personal communication). Whatever the personal motivations, this breakdown in 
communications was enough to stop the project.
6) Mbao (operational)
This scheme served the traditional village communities of Grand Mbao and Petit Mbao, the 
intervening low-density planned settlement of Gokhba, and the adjoining planned settlement 
{cité) of Cité Ndeye Marie. The denser parts of the village areas have high population densities 
and sometimes difficult vehicle access. Cité Ndeye Marie has a very high water table (often less 
than 0.5 m during the rainy season): most other areas have reasonably permeable soils (GEOH 
2006). Of the initial target of 700 households, 95% made the required payment and received an 
external connection, though my survey data indicate that only about 62% (nonetheless a very 
high proportion) have a full connection (Table 8, page 76). In fact, it is not clear exactly what 
areas the project was initially projected to cover: certainly the projection of 700 is considerably 
less than the total number of households in the project area (probably at least 1100 
households). The community in Cité Ndiaye Marie (a middle-income housing estate) had been 
lobbying ONAS fo r several years w ith the aim of obtaining connection to the sewerage system 
(RD-12, RD-28), and several interviewees indicated that this community rapidly absorbed a 
large part of project capacity (RD-28, RD-29). ONAS data and my own householder survey data 
certainly indicate that connected households are mostly in Cité Ndiaye Marie and Grand Mbao; 
the network extends to Petit Mbao, but very few households are connected.
The initial project plan included three new-built local treatment plants (in Cité Ndiaye Marie, 
Grand Mbao and Petit Mbao) each comprising a settlement tank and upflow anaerobic filter, all 
three discharging directly to the beach, in one case with the aid of a pumping station (GEOH 
2006). In fact only two of these plants have been built: the third (in Petit Mbao) was not 
constructed. Furthermore, the Grand Mbao treatment plant is not fully operational: at a visit in 
October 2009, neighbours reported that people living very close to the beach outflow  had 
blocked the intake, leading to system back-ups upstream (see photo Figure 32 page 92).
This is one o f the three districts that was studied in depth by householder survey over the 
period September - November 2009.
7) Bargny (not operational)
The project area is a traditional fishing village with often poor vehicle access, located about 25 
km from central Dakar. No empirical data are available on poverty levels, but this is certainly 
one of the poorest of the project's 11 districts (personal observations, interviews with RD-12, 
RD-29, RD-33, RD-13). The project plan included two pumping stations to lift the wastewater to 
a new-built local treatment plant (settlement tank and upflow anaerobic filter), with direct 
discharge to  the beach (RD-12, RD-29). Of the initial target of 630 households, about 48% paid 
the participation fee and received an external connection, and the network was basically
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completed by April 2009 (ONAS 2009a, 2009b, RD-29, RD-13). However, neither the pumping 
stations nor the local treatm ent plant have been terminated, and thus the system remains non- 
operational. In fact local community representatives (RD-13) report that, since many 
households have already connected, the network is receiving sewage regardless, leading to 
back-up into the septic tanks of householders in lower-lying locations. [As fo r  Cambérène and 
Rufisque, no project appraisal study was produced fo r  this scheme, though o f course 
engineering plans were produced; RD-12.]
8) Ngor (operational)
Ngor is a traditional village community, now absorbed into the fabric of north-central Dakar. It 
has high population density and often difficult vehicle access. This is one o f the poorest areas 
w ithin the city of Dakar proper (Minvielle, Diop & Niang 2005), though adjacent to some of 
Dakar's wealthiest residential suburbs. Soils are impermeable, and the water table is very close 
to the surface in some areas (GRESTECH 2004). The settled sewerage system here has been 
operational since July 2006; it was the earliest system to be built, and together w ith Cité 
Ousman Fall can be considered as a sort of pilot scheme. The system includes one pumping 
station lifting to the existing conventional sewerage network. Of the initial target of 630 
households, about 54% received an external connection (Table 8); unlike in all other districts 
except Cité Ousman Fall, the full connections figure is the same, because the Project provided 
in-plot connections (see Figure 2 page 20). Part of the deficit with respect to the initial target is 
because detailed technical studies indicated that part of the project area was on the other side 
of a low ridge, and thus difficult to  connect (RD-12) (Figure 35, page 96); this area is now being 
served by a low-cost solids-transporting sewerage system funded by UN-Habitat; if these 
households are excluded from the reckoning, about 77% of the initial target coverage has been 
met.
This is one of the three districts that was studied in depth by householder survey over the 
period September - November 2009.
9) Rufisque Est (not operational)
This project lies w ithin an area of low-grade linear-layout modern housing to the east of Dakar 
proper. No empirical data are available, but various sources indicate that this is one of the 
poorest of the 11 PAQPUD districts (personal observations, interviews w ith RD-12, RD-29, RD- 
33, RD-32). Soils are highly impermeable and in most of the area water table depth is less than 
one metre.
This system was initially projected to serve 910 households; the project included a pumping 
station linking to the local conventional sewerage network, which discharges to an existing 
treatment plant (wastewater stabilisation ponds w ith outfall to the beach) in Rufisque. ONAS 
figures indicate that 290 households (about 32% of the initial target) paid the participation fee 
and received an external connection (ONAS 2009a, 2009b). The network and associated w ithin- 
plot work were basically completed in early 2007 (RD-12, RD-32). However, the pumping 
station has not been terminated, so that the network is non-operational (RD-12, RD-29, RD-32, 
personal observations February and November 2009). Interviews with various actors (including 
local community representative RD-32 and project managers) indicate that this is attributable 
to blatant non-compliance by the contractor.
Despite the non-operational pumping station, local community representative RS-33 estimates 
that around 60 or 70% of the households w ith external connection have made the in-plot 
connection and connected to the network, leading to overflow of sewage from major junction 
chambers close the inhabited area. This is also likely to lead to back-up into households in the 
lowest-lying areas, as likewise observed in Bargny.
[As fo r  Cambérène and Bargny, no project appraisal study was produced fo r  this scheme, 
though o f course engineering plans were produced; RD-12.]
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10) Cité Ousman Fall (operational)
Cité Ousman Fall is a walled housing estate {cité) occupied by employees of a local petrol 
refinery (Hydroconsult 2005, RD-16). It is therefore a clearly special case, with relatively high 
income levels and a much stronger sense of community cohesion than other residential 
districts: indeed, these favourable conditions were precisely why ONAS chose this as a pilot 
location. Of an initial target of 210 households, 174 (83%) paid the participation fee and 
received both external and in-plot connections (see Figure 2, page 20): this total comprises 
almost all households within the estate, and 10-20 households on an adjacent street (RD-12, 
RD-10).
The project included a new-built local treatment plant (settlement tank and upflow anaerobic 
filter) discharging to the beach about 250 m away via an existing pipe; the treatment plant is 
reported by some sources to be non-operational, and the beach outflow  is currently broken so 
that the effluent discharges directly to the top of the beach (see Figure 33, page 92).
The system has been operating since February 2007. A small series of householder interviews 
in February 2009 indicated that the system is working well, w ithout substantial problems 
beyond occasional blockages, rapidly resolved by the householders or community-contracted 
plumbers, or sometimes by ONAS. The Chef du Quartier (interviewed February 2009) reported 
that the Neighbourhood Committee has invested significant amounts of money in improving 
the system, notably through construction of better inspection chamber covers; though 
interviews w ith ONAS staff contradicted this, suggesting that the money came from ONAS (RD- 
12, RD-29).
11) Cité SONES (not operational)
Cité SONES is an enclosed housing estate in the commune of YeumbeuI Nord: similarly to Cité 
Ousman Fall, it comprises about 140 households occupied by employees of the Senegalese 
national water utility  (Société nationale des eaux du Sénégal, SONES). The system was initially 
projected to cover all 140 households. According to  ONAS, the network was completed (about 
1500 linear metres, cf. about 3800 in Cité Ousman Fall), but the project was then placed on 
hold before any householders made any payments and before any w ithin-plot work or 
connections were started. It appears that the potential beneficiaries blocked the project 
because they did not want a local beach outflow  (RD-23).
The findings summarised above indicate that the settled sewerage component of PAQPUD 
has achieved poor overall outcome, largely attributable to deficiencies in contract 
adjudication and management of contractor performance. A particular concern is that in all 
of the non-operational districts, the local network and in-plot infrastructure were built and 
paid for. A recent World Bank report including a detailed case study of PAQPUD (Guène et 
al. 2010) did not include any explicit recognition of the poor performance of the settled 
sewerage component, beyond a passing reference to "some delays in implementation". 
This raises questions about the ex-post evaluation procedures of the World Bank, one of 
the major channels for pro-poor development funding by the wealthy nations (see World 
Bank 2010). Certainly, under-rigorous evaluation often reflects understandable motives, 
including a desire to give institutional actors a chance to resolve problems over time, and 
reluctance to criticise institutions that otherwise appear to be functioning relatively well. In 
the author's opinion, however, these are not strong arguments against rigorous evaluation
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of major development projects; rather, they are arguments in favour of sensitive but critical 
midterm and ex-post evaluation.
The recent World Bank report (Guene et al. 2010) appears to be based directly on 
ONAS/AGETIP data, rather than on independent data collection. The report states that 
8,800 households are served by the different settled sewerage schemes, versus the 
author's estimate of 2 ,400-3 ,200. Thus the report of Guene et al. overstates coverage by a 
factor of about 3 or 4. However, it should be stressed that this report focused primarily on 
PAQPUD's on-site sanitation components, with only brief consideration of the settled 
sewerage schemes; note also that the study was carried out in late 2008. Also, it should be 
noted that in February 2010 the World Bank approved an additional loan of US$ 6.8 million 
(Component D of Project P109986) to complete the sewerage works started under 
PAQPUD. This component aims to provide 22 km of network, 7,900 household connections, 
and a wastewater treatm ent plant (with land acquisition) in Thiaroye. The work is to be 
implemented by ONAS: I do not know who will adjudicate contracts and manage 
contractors and quality control. The Project Appraisal document specifies improved 
procedures for monitoring and evaluation. Thus it would appear that the World Bank, 
PEPAM and ONAS are learning from mistakes committed in PAQPUD, and that the World 
Bank is prepared to commit more funds in an attem pt to resolve this project's deficiencies.
It should also be noted that, although coverage was lower than claimed by the  
implementing agencies, it was considerably higher than in many previous sewerage 
interventions in African cities: within the sewered areas, between about 30% (Ouakam and 
Mbao) and 55% of the total population were actually connected, and in Ouakam and Mbao  
about another 15% can connect if they make the within-plot connection from their septic 
tank. These are much better figures than have been achieved in most previous African 
sewerage projects (see Section 3.2.2, page 24).
Figure 9 (below left). Street, Ngor. Figure 10 (below centre). Typical appearance o f a sewered septic tank constructed under 
the PAQPUD project, here in Yoff. The grey doors are the toilet and the shower: the large septic tank is constructed in the yard, 
and here also serves as a hard surface to this part o f the yard. Figure 11 (below right). Septic tank under construction.
''
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Figure 12 (top left).Small low-income household in Ngor, where the project had constructed a sewered septic tank (visible as 
untiled area in foreground) serving four households clustered around an Irregular central yard, in an area with pre­
urbanisation "village" layout and very narrow alleyway access only.
Figure 13 (bottom left). Small apartment block, Ngor, Illustrative o f the wide variety of housing types served under the 
PAQPUD project.
Figure 14 (right). Narrow alleyway in Ngor, indicative of access difficulties in some parts o f this and other districts.
'1
Figure 16 (below left). Typical household toilet, Ngor.
Figure 17 (below centre). Typical toilet area and septic tank layout, Ngor. 
Figure 18 (below right). Another typical toilet and septic tank layout, Ngor.
£
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Figure 19 (below top left). Very small low-income household in Ouakam, showing how a sewered septic tank can be 
constructed in a very smali yard, here also used fo r cooking and washing. This was a 2-person (mother and daughter) 
household.
Figure 20 (below top right). Toilet area and sewered septic tank in a small low-income household in Ouakam.
Figure 21 (below bottom). Ouakam: the sewerage system serves diverse housing types, including wooden shack housing in 
very-low-income areas with pre-urbanisation "village" layout.
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Figure 24 (below top left). Street scene Cambérène, showing multistorey buildings and relatively high Income levels.
Figure 25 (below top right). Non-poor area o f Mbao (Cité Ndiaye Marie) that benefitted from  the sewerage project.
Figure 26 (below bottom left). Lower income area o f Mbao (Petit Mbao).
Figure 27  (below bottom right). Area o f Mbao (Gokba) showing ongoing residential construction in areas with very high water 
table.
5.3.3.2.Contractor non-compliance... why?
The most striking problem with the PAQPUD settled sewerage project has been the stark 
non-compliance of construction companies with contractual obligations. Most notably, 
problems arose with pumping stations: as noted above, 4 of the 6 non-operational schemes 
remained non-operational basically because of non-construction of pumping stations, and 
one of the operational systems (Yoff) was left discharging sewage directly to the local beach 
because the required upgrade of a pumping station was not completed.
I am unable to give definitive explanations for this problem. However, certain observations 
are pertinent. First, pumping stations are certainly within the technological capacity of 
Dakar's engineering sector: logistic and technical difficulties might explain delays, but
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cannot explain the radical non-compliance seen in the PAQPUD project. Second, it is 
noteworthy that these problems arose with pumping stations, not small within-plot 
infrastructure (septic tanks etc.) and local networks; indeed in some cases the civil 
engineering work for pumping stations has been completed (e.g. Rufisque), but the pumps 
themselves have either not been supplied or have not been fitted. One possible explanation 
is that contractors could readily undercut quality in construction work, but could only 
reduce the costs of the pumping station component by non-completion. Certainly the non- 
compliance with contractual obligations suggests that institutional procedures for contract 
adjudication, contractor management and quality control were ineffective. In this 
connection, several high-level interviewees (RD-1, RD-4, RD-12, RD-19) noted that it is very 
difficult to term inate a public works contract and then put a new contract out to tender, 
and that often a gentle persuasive approach may be more effective than radical measures; 
they also noted that it is practically unheard of for disputes over public works contracts to 
reach the courts in Senegal (RD-1). Nonetheless, the fact remains that if contractors don't 
work to contract, then the adjudication and contractor management procedures have 
failed. This failure is all the more striking given AGETIP's reputation for efficient contract 
management (see e.g. van der Lugt & Petrucci 1997).
Problems with contract management have been reported in other studies of infrastructure 
projects in West Africa. For example, Frimpong, Oluwoye & Crawford (2003) looked at a 
number of groundwater development projects in Ghana, and found that poor contract 
management was ranked as the most im portant problem by project funders. I suggest that 
these problems can be attributed to adjudication procedures: projects are generally 
awarded to the lowest bidder, often a non-specialist entrepreneur with little ability to 
deliver complex contracts. Interviewees in Dakar (including several project management 
engineers; RD-16, RD-29) reported a similar situation.
Figure 28 (below left). The functioning pumping station in Ngor.
Figure 29 (below right). Pumping station constructed but with pumps not completed and non-operatlonal: Rufisque.
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In line with the poor contractor compliance in terms of major infrastructure completion, my 
site visits and interviews with local community representatives and project management 
engineers (see Appendix I) repeatedly indicated problems with construction quality: most 
notably, inspection chamber covers were often very poorly constructed, without any sort of 
protective frame or recess (Figure 30). Complaints were also expressed about other 
components, including piping and septic tanks.
Figure 30. Photographs o f inspection covers, PAQPUD project. Referenced in text as a-f: a-c, top row left to right; d-f, bottom 
row left to right.
Poorly built inspection covers are likely to have major impacts on long-term system 
function, by favouring ingress of sand into the system: fine sand is an abundant feature of 
Dakar's streets. In the small and relatively wealthy community of Cité Ousman Fall, many 
poor-quality covers have been replaced with better-quality covers by the local community 
and by ONAS (RD-10, RD-12, personal observations); however, this does not seem to have 
happened anywhere else. Several interviewees argued for prefabricated covers (plastic or 
cast iron; see Figure 30, Photo f) (RD-10, RD-16); these were used in some districts, but not 
used throughout the project. Certainly prefabricated covers have a higher initial cost; but 
given the widespread quality problems observed, this solution would perhaps be 
preferable. Theft of prefabricated covers was not reported by any interviewees.
Notwithstanding the frequent deficiencies in construction quality, in my householder 
surveys in Ngor, Ouakam and Mbao, the great majority of full beneficiaries reported that 
they were satisfied with the system, as detailed in Section 5.3.3.7 (page 97).
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5.3.3A  System maintainability
The householder surveys in Ngor, Ouakam and Mbao indicate that minor blockages 
occurred fairly frequently, but were typically resolved by householders themselves, or by 
plumbers called in by the householder (see Section 5.3.B.7). Of course it is possible that 
system performance will decline in the longer term , especially because of sand ingress into 
the network and accumulation of solids in septic tanks (as is likely to  occur in the absence 
of proper maintenance). However, it is interesting that very few  householders in Ngor 
(where the system has been operational for 2.5 years) reported that they had had to  empty  
their septic tanks over this period: this suggests that solids accumulation was occurring very 
slowly in these sewered tanks, and if this is the case it is certainly an argument in favour of 
settled sewerage, since it means that desludging will be rarely required.
Despite the reasonable function of the Ngor, Ouakam and Mbao systems at present (see 
Section 5.3.3.7), a key concern with sanitation projects is maintainability: are mechanisms 
in place to  ensure adequate operation and maintenance (O &M ) over the lifespan of the  
investment? In the present context it is im portant to distinguish between three different 
maintenance levels: i) within-plot installations; ii) the local small-bore network in each 
district; and iii) the main network and associated structures including pumping stations and 
treatm ent plants. The great majority of stakeholders (including most project beneficiaries; 
see Table 14, page 99) agree that O&M  of within-plot installations is the responsibility of 
the householder; likewise, all stakeholders (including high-level managers RD-6, RD-19 and 
RD-1)^ agreed that responsibility for the main network and major infrastructure lies with  
ONAS; the unresolved issue is O&M  of the local network. All relevant interviewees (again 
including RD-6, RD-19 and RD-1) described future O&M  systems involving collaboration 
between ONAS, district councils (communes) and local community representatives through 
specially constituted management committees {comités de gestion), which will be 
empowered to collect monthly tariffs of 5 0 0 -1500  fCFA (CFA francs); this model has been 
widely discussed at all levels. Indeed in most districts, these committees have already been 
formally set up, generally with the mayor as Chairman and with members drawn from  
ONAS, the district council, local community organisations, and the local community 
including women's representatives (various interviews, including ID-35 and ID-42, and 
interviews with several local Community Coordinators); in all such cases except Ngor, 
however, the committee has not met since its formal constitution, and is not yet active. It 
should also be stressed that the constitutional documents of these committees do not 
define any partitioning of financial responsibility between ONAS and the district council. 
According to ONAS managers interviewed in November 2009 (notably RD-12), meetings 
were underway with stakeholders, including mayors, to  further negotiate responsibilities; 
the O & M  structure in each district will include a contract w ith a local cooperative 
{Groupement d'intérêt économique, GIE) for network maintenance and sludge 
management, and employment of a local coordinator whose tasks will include collection of
 ^ Interviewees detailed in Appendix I, but briefly: RD-6 = Director General of ONAS, RD-19 = Coordinator of PEPAM (national 
water and sanitation strategy), and RD-1 = World Bank W ater and Sanitation Programme (WSP) specialist in Senegal.
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the monthly tariff from householders. Nevertheless, it remains unclear a) what financial 
input, if any, will be required from the district council and from ONAS; b) who will sign the  
contract with the O&M  cooperative and with the local coordinator, and who will receive 
and hold the income from tariff collection (the local management committee? the district 
council? ONAS?); and c) whether tariff collection can function smoothly without strong 
measures for enforcement. It seems likely that the key problem at present is that neither 
ONAS nor district councils want to  commit financial input or sign contracts with third 
parties: ONAS wants the councils to take on these responsibilities, and vice versa. Given the 
apparent absence of any clear legal fram ework or prior agreement, this is a worrying 
situation which threatens to drag on without resolution. A straightforward solution would 
be for ONAS to take immediate responsibility for contracting a local coordinator in each 
district. PAQPUD allocated ONAS a significant sum of money (about US $60,000) for start­
up of O & M  systems; and indeed, if it does prove possible to reliably collect the sewerage 
tariff from connected households, the system should generally be self-financing.^ In any 
case, assumption of responsibility by ONAS would resolve the short-term O&M problem, 
and provide tim e for negotiation of longer-term solutions.
In Ngor the situation is somewhat different, chiefly because at the tim e of the study the  
local coordinator for the settled sewerage project remained employed under a related new 
small-scale sewerage project funded by UN-Habitat. Unlike in the other operational 
districts, householders thus have "someone to  call" if they have a problem. Nevertheless, 
even in Ngor there was no collection of the proposed monthly tariff at the tim e of the 
study.
In fact the details of O&M  are perhaps secondary (diverse types of O&M  system could 
work): the evident problem is that there was no negotiation of the system beforehand. If 
the implementing agencies had required local councils to sign O&M  agreements before 
construction, as a prerequisite for provision of the service, the observed impasse might not 
have arisen. In fact, diverse types of O&M system could work: the evident problem is that 
there was no negotiation of the system beforehand.
In a previous study of community participation in the maintenance of Brazilian condominial 
sewers, Roszlert (cited in Watson 1995) notes that community maintenance has not 
generally worked: maintenance has been effective where the utility holds responsibility, 
and where community associations lobby the utility; w ithout such lobbying utility 
maintenance has often been poor, and community maintenance alone is insufficient.
‘ There is an additional complication here. Everybody in Dakar with in-plot piped water is charged a sanitation tariff as a small 
percentage of their water bill, since Dakar is classified as a sewered city; though of course many households are not 
sewered. Households (generally wealthy or middle-income households) that are connected to the sewerage system are not 
charged any additional amount over and above the sanitation tariff; but ONAS takes responsibility for O&M  of the  
conventional sewerage network. So why should the (generally poorer) households connected to the new settled sewerage 
networks be charged for O&M? There is clearly a need for review of Dakar’s sanitation charging system.
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In the PAQPUD project, the lack of negotiated frameworks for O&M systems Is particularly 
worrying given the numerous issues with construction quality. Notably, badly constructed 
inspection chamber covers are likely to favour massive ingress of sand. Certainly, if there is 
no negotiation of financially sustainable arrangements for O & M , it seems very possible that 
these settled sewerage systems will be very poorly functional in 5 or 10 years' time.
5.3.3.5. Environmental and public health impacts
Environmental sustainability in terms of w ater use was not a central focus of the present 
study. However, practically all connected households already had pour-flush toilets 
discharging to septic tanks (see Table 10, page 93). Thus the project is not likely to  have any 
significant direct impact on w ater use. Indeed, even if new pour-flush toilets were 
introduced, these would probably increase w ater use by only 2-3 litres per capita per day 
(Tilley et al. 2008), which is a modest increase given Dakar's average domestic usage of 48  
litres per capita per day (Hoang-Gia et al. 2004). In other words, increased w ater use is not 
an im portant argument against sewerage in the Dakar context; see Section G.2.2.8.
A more im portant concern is whether the settled sewerage systems will have a positive or 
negative effect on disease burdens. M y meta-analysis (Section 5.2) found that sewerage 
interventions have generally reduced diarrhoea burden; however, the impact of any given 
intervention will clearly depend on how well it is functioning. In the case of those schemes 
(including Ngor and Ouakam) draining to Dakar's central sewerage system, the net 
environmental and public health impact is likely to be positive: wastewater that would 
otherwise leach or overflow from septic tanks to  the local environment is transferred to  
Dakar's central treatm ent plant at Cambérène, which discharges to the sea via a long 
outfall. In the case of those schemes (M bao and Cité Ousman Fall) draining to  local 
treatm ent plants, the answer is less clear: these plants are likely to be inefficient for 
removing pathogen load, and outfall is in both cases currently directed to  the beach (Figure 
31, Figure 32, page 92). Likewise, as already noted above, the Yoff system is currently 
discharging to a heavily-transited area of the beach (Figure 33). it is certainly possible that 
such beach discharge constitutes a more severe health risk than leaching from septic tanks. 
The situation in Rufisque and Bargny is also a clear cause for concern. Here local networks 
have been constructed, but are not drained: many householders (who paid a fee for this 
service not received) have connected their septic tanks to the network regardless (ID-47), 
so that sewage overflows from low-lying inspection chambers within the populated area 
(Figure 34). Thus settled sewerage has been justified (in terms of public health) where  
connection to the existing conventional sewer mains has been possible (Ngor, Ouakam); 
attempts at local treatm ent have either not materialised or raise very significant public 
health concerns.
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Figure 31 (below left). Beach outflow from  the local treatment plant a t Cité Ousman Fall: currently broken so that the effluent 
discharges directly to the top o f the beach.
Figure 32 (below right). Beach outflow from  the pumping station at Grand Mbao, with peopie living in very close proximity. As 
noted in the text, dissatisfaction with the outflow led residents to block the Inflow into the pumping station.
■A.'
Figure 33 (below left). Overflow o f sewage to beach from  non-operational pumping station in Yoff. As noted, the beach is 
adjacent to the populated area and heavily transited by the local population, including women tipping buckets ofgreywater to 
the sea.
Figure 34 (below right). Rufisque: sewerage system not operational, but people still connecting to it, leading to overflow into 
open drains.
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Table 9. Basic sociodemographic characteristics o f the surveyed households in each area. [ In the cases o f Ouakam and Mbao, 
data are pooled data from  the nominal beneficiary and non-beneficiary samples. Non-residential beneficiaries (3 in Ngor, 2 in 
Mbao) are excluded. Sample sizes shown a t top (e.g. n = 178 fo r Ouakam) are total sizes, i.e. total number o f households 
interviewed; sample sizes fo r  individual variables may be smaller, as shown (notably in the case o f monthly income, which 
many interviewees were reluctant to report; in Ouakam, fo r  example, only 129 interviewees reported income). Income Is In 
thousands o f CFA francs (fCFA) per month: so fo r  example median reported Income In Ouakam was 200,000 fCFA per month.)
Characteristic OUAKAM, n=178 NGOR, n=84 MBAO, n=179
Household size 10 10 9
[median (mean l  SEM, n)j (1 2 .1 1 0 .6 , n=172) (1 2 .010 .78 , n=76) (10.6 10 .52, n=174)
Number of children in household 3 3 3
[median (mean 1 SEM, n)j (3 .9 1 0 .3 , n=172) (2 .9 1 0 .3 , n=78) (3.8 1 0 .3 , n=171)
Home ownership 84% 100% 93%
[% (95% confidence interval, n)] (77-91%, n=177) (94-100%, n=73) (87-96%, n=174)
Household income, lOOOfCFA/month 200 150 200
[median (mean l  SEM, n)j; 1000 fCFA = 2 US$ (225 1 1 0 , n=129) (165 1 10 , n=64) (2 2 6 1 1 0 , n=125)
Income per capita 21.4 14.3 20.0
[median (mean l  SEM, n)j (2 4 .2 1 1 .4 , n=129) (1 7 .1 11 .3 , n=60) (26.0 1 2 .2 , n=124)
% of households with at least one TV [% (n)j 92% (n=173) 100% (n=78) 93% (n=169)
% of hholds with at least one fridge [% (n)j 63% (n=174) 79% (n=77) 59% (n=169)
% of househoids with a car [% (n)j 10% (n=176) 9% (n=78) 18% (n=172)
Table 10. Pre-Intervention water- and sanitation-related characteristics o f the surveyed households In each area. [The data 
shown are the pooled data from  the nominal beneficiary and non-benefidary samples (thus including fu ll beneficiaries, 
potential beneficiaries who have not yet made the required In-plot connections, and non-beneficiarles). Non-residentlal 
beneficiaries (3 In Ngor, 2  In Mbao) are excluded. Sample sizes shown a t the top (e.g. n = l  78 fo r  Ouakam) are total sizes, i.e. 
total number o f households interviewed; sample sizes fo r  Individual variables may be smaller. Bimonthly water bill is in 
thousands o f CFA francs (fCFA): so fo r example the median bill in Ouakam was 12,500 fCFA.)
Variable OUAKAM, n=178 NGOR, n=84 MBAO,n=179
Water: household piped, or community 90% - 9% - 1% 95% - 5% - 0% 85% -11% - 3%
standpipe, or neighbours? [ % - % - %  (n)] (n=178) (n=84) (n=179)
Households with piped suppiy: bimonthly water 12.5 (16.4 ± 1.1, 16.3 (16.9 ± 1.4, 8.0 (11.4 ± 0.9,
bill, 1000 fCFA [median (mean + SEM, n)] n=146) n=68) n=129)
Households with piped supply: no. of taps 1 (1.910.1, n=161) 1 (2.010.2, n=76) 1 (2.110.1, n=147)
(outdoors & indoors) [median (mean 1 SEM, n)]
% hholds with > toilet before project [% (n)]* 95% (n=176) 90% (n=80) 96% (n=179)
% hholds with septic tank before project [% (n)j 85% (n=176) 91% (n=83) 96% (n=179)
* it is certainly not the case that toilets were supplied to ail households that did not have a toilet before the intervention; 
indeed, some poor househoids were unable to connect to the sewerage network precisely because they did not have a 
toilet: see Section 5.3.4.3 (page 102).
5.3.3.6.Householder survey results: observed coverage among nominal beneficiaries
This section reports findings obtained in three of the districts in which the settled sewerage 
schemes have become operational (Ngor, Ouakam and Mbao); for basic characteristics of 
these districts as determined by my sampling, see Table 9 and Table 10; for satellite images 
showing each district and the locations of the households sampled, see Figure 35, Figure 36  
and Figure 37 (page 96 on).
Table 11 (page 95) summarises observed coverage data for nominal beneficiaries (i.e. 
households listed as beneficiaries in project documentation), as at late 2009. The estimated  
proportion of nominal beneficiaries who were full beneficiaries (i.e. w ith both an external 
connection to  a functioning sewer, and full in-plot connections from the toilet to  the
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external connection point) was 77% in Ngor, 54% in Ouakam and 66% in Mbao. The 
estimated proportion of nominal beneficiaries who were potential beneficiaries only (i.e. 
with an external connection, but w ithout full internal connections) was 0% in Ngor, 32% in 
Ouakam and 30% in Mbao. The estimated proportion of nominal beneficiaries who were 
either full or potential beneficiaries was 77% in Ngor, 87% in Ouakam and 96% in Mbao. 
The estimated proportion of nominal beneficiaries who did not have any direct benefit (no 
external connection) was thus 23% in Ngor, 13% in Ouakam and 4% in Mbao.
Ngor is a special case in that the project implementers claim to have served the entire 
population within the original project area, except for the northern part of Grand Ngor and 
Petit Ngor, which was excluded at the technical appraisal stage because of topographic 
difficulties, and which is currently due to receive a solids-transporting sewerage system 
under a UN Habitat-supported project. The excluded area, north of the white line in Figure 
35, can thus be considered to lie outside the scope of the PAQPUD project. The present 
survey found a total of 20 nominal beneficiary households which were in fact not 
connected, and nearly all of these households lie within the PAQPUD project area (i.e. 
south of the white line in Figure 35). Thus the present estimate (23% of nominal 
beneficiaries in fact not served) would appear to be a fair estimate.
The project claims for number of beneficiaries therefore appear to  have been substantially 
inflated for Ngor and Ouakam, and slightly inflated for Mbao.
Taking into account these observed coverage rates among nominal beneficiaries and the 
estimated number of households in the different districts, estimates of total coverage can 
be obtained. These estimates are shown in Table 12 (page 95).
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Table 11. Connection status among nominal beneficiaries surveyed in the three project areas. Full beneficiaries have a fully  
functional connection from  toilets to network, generally via a septic tank and an interceptor tank (see Figure 2, page 20). 
Potential beneficiaries have received an external connection and, where necessary, an in-plot septic tank and/or interceptor 
tank, but neither the Project nor the householder has made the final in-piot connection (typically from  existing septic tank to 
Project-installed interceptor tank). Values in brackets are 95% confidence intervals.
Status OUAKAM, n=90 NGOR, n=87 MBAO, n=95
1) Full beneficiary (internal and external connection) 49
54% (44-65%)
67
77% (67-85%)
63
66% (56-76%)
2) Potential beneficiary (external connection but not 
operational)
29
32% (23-43%)
0
0% (0-5%)
28
30% (20-40%)
2a) No internal connection 26
29% (20-40%)
0
0% (0-5%)
27
28% (20-39%)
2b) Other 3
3% (1-10%)
0
0% (0-5%)
1
1% (0-7%)
1+2) Full and potential beneficiaries 78
87% (78-93%)
67
77% (67-85%)
91
96% (89-99%)
3) Non-beneficiary (no external connection)* 12
13% (7-23%)
20
23% (15-34%)
4
4% (1-11%)
*  This figure is for nominal beneficiaries who did not benefit; the total number of non-beneficiarles in each project area is 
much higher, since many people chose not to sign up or were unable to sign up (e.g. because they couldn't afford it).
Table 12. Coverage statistics fo r  the 3 project areas. In the case ofN gor and Mbao, the estimates o f total number o f  
households in the project areas (row A) are crude estimates based on best information available; as a result, the estimates o f  
percentage coverage in these areas (rows 1 and J) are likewise crude estimates.
Statistic OUAKAM NGOR MBAO
A) Total no. of households in project area (i.e. within 
sewered area)
1878 ?630 71400
B) Original project target (no. of households) 1400 630 700
C) Revised target after technical studies (no. of 
households)
1000 443 668
D) Project management connections claim (no. of 
households)
1000 443 668
E) Estimated no. of fully connected households 
[present results]
540 341 441
F) Fully connected households as % of management 
claim [100*E/D]
54% 77% 66%
G) Estimated no. of fully+potentially connected 
households [present results]
870 341 641
H) Fully+potentially connected households as % of 
management claim [100*G/D]
87% 77% 96%
1) Total full coverage % (100*E/A) 29% ?54% 732%
J) Total full+potential coverage % (100*G/A) 46% ?54% 746%
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Figure 35. Sateiiite image o f the Ngor settled sewerage project area. Circles indicate surveyed households, in all cases nominal 
beneficiary households: white circles are fa il beneficiaries; black circles are nominal beneficiaries would do not in fact have a 
full (external and in-piot) connection. The thick black line indicates the approximate extent o f the sewerage-covered areas as 
initially planned; it was subsequently decided that the current project would not be able to serve the area north o f the white 
line (see text). [This is a Google Earth image used in accordance with Google's fa ir  use policy.]
&
Figure 36. Sateiiite image o f the Ouakam settled sewerage project area. Circles indicate surveyed households, in all cases 
nominal beneficiary households: white circles are full beneficiaries; black circles are nominal beneficiaries would do not in fact 
have a full (external and in-plot) connection. The thick black line indicates the approximate extent o f the sewerage-covered 
areas as initially planned. [This is a Google Earth image used in accordance with Google's fa ir  use policy.]
Aw
%
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Figure 37 Sateiiite image o f the Mbao settled sewerage project area. Circles indicate surveyed households, in ail cases nominal 
beneficiary households: white circles are full beneficiaries; black circles are nominal beneficiaries would do not in fact have a 
full (external and in-piot) connection. The thick black line indicates the approximate extent o f the sewerage-covered areas as 
initially planned. [This is a Google Earth image used in accordance with Google's fa ir  use policy.)
5.3,3.7. Householder survey results: beneficiary satisfaction and system maintainability
The surveys of beneficiary householders in Ngor, Ouakam and Mbao included a simple yes- 
no question about satisfaction with the system, and questions about within-plot and street 
blockages (see questionnaire, page 75). This section discusses the data for full beneficiary 
households only: how well is the system functioning for connected households? Results are 
summarised in Table 13 (page 99).
Reported satisfaction rates were reasonably high among full beneficiaries, ranging from  
82% in Mbao to 94% in Ngor. Note that the Ngor system had been operational for about 2.5 
years at the moment of survey, versus only a few  months in Ouakam and Ngor. In addition, 
as discussed below, Ngor can be considered a "showcase pilot" that has received more 
attention than subsequent schemes, particularly as regards maintenance. This is illustrated 
by the much higher proportion of beneficiary householders in Ngor who reported that they 
would "know who to call" in the event of a problem with the system: 49% in Ngor, versus 
only 5% and 8% in Ouakam and Mbao (Table 14, page 99).
The proportion of full beneficiaries reporting in-plot blockages (i.e. at least one problem  
recalled) was 28% in Ngor, 18% in Ouakam and 16% in Mbao. The higher figure for Ngor 
probably reflects the fact that this system has been running for 2.5 years, versus only a few  
months in the other tw o districts. The proportion of full beneficiaries reporting blockages in 
the street was likewise higher in Ngor (17%, versus 9% in Ouakam and 10% in M bao). Note 
that at least some blockages reported as "in-plot" may have been blockages outside the  
plot leading to back-ups within the plot.
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To what extent was dissatisfaction due to blockages? In Ngor, 3 of 4 full beneficiaries 
reporting dissatisfaction reported in-plot blockages; but 15 of 59 full beneficiaries reporting 
satisfaction also reported in-plot blockages. Case-by-case analysis of interview responses 
suggests that the dissatisfied beneficiaries were in plots or streets with chronic problems of 
blockage and sewage back-up, whereas the satisfied beneficiaries reporting blockages were 
reporting one-off issues that had been rapidly resolved (see below). In Ouakam and Mbao 
dissatisfaction was more clearly related to blockages: in Ouakam, all 7 dissatisfied full 
beneficiaries reported in-plot blockages, versus only 1 of 36 satisfied full beneficiaries; 
similarly in Mbao, 8 of the 11 dissatisfied full beneficiaries reported in-plot blockages, 
versus only 2 of 50 satisfied full beneficiaries. This is in line with the more recent start-up of 
these schemes: i.e. blockages occurring soon after construction are more likely to represent 
unresolved construction problems, rather than sporadic minor problems due to (for 
example) a sanitary towel entering in the system. Similar patterns are seen if we consider 
reported blockages in the street.
In all three districts a commonly reported reason for satisfaction was elimination of the 
need to empty the septic tank. As noted, in all three districts some areas have impermeable 
soils and very high w ater tables, so that septic tanks do not drain well; this was one of the 
criteria for selection of areas for settled sewerage. In fact this benefit was irregularly 
distributed: in Ngor, only about 35% of beneficiary households reported spending money 
on septic tank emptying before the project, and thus only this 35% enjoyed this financial 
benefit of sewerage connection. In Ouakam and Mbao, about 80% of households reported 
spending money on septic tank emptying before the project, and both mean and median 
savings were higher (Table 13, page 99); but again, the magnitude of saving varied greatly 
among households.
Key conclusions. Section 5.3.3: Extent of provision, user satisfaction, and maintainability
- Only 5 of the 11 PAQPUD settled sewerage schemes are operational: the main problem has
been deficient contract adjudication and contractor management. The outcome of the 
PAQPUD settled sewerage project as a whole must be considered very poor
- Considering only the 5 operational schemes, outcome can in some respects be considered
positive
- Beneficiaries o f operational schemes are satisfied with the system, and minor local blockages 
are readily resolved by beneficiaries or plumbers contracted directly by them
- Coverage rates are lower than claimed by the implementers, but reasonably good by the 
standards of previous African sewerage projects
- However, sewage overflows and inadequate disposal raise concerns about health risks
- There are likewise significant concerns about system maintainability: in particular, financial
and operational responsibilities for local network maintenance are unclear
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Table 13. Beneficiary satisfaction, reports o f system blockages, and tank-emptying savings. Data from surveys o f nominal 
beneficiaries, considering only fu ll beneficiaries (i.e. with both external and in-piot connections). 1000 fCFA = 1000 CFA francs ~ 
2 US$; fo r example, the mean tank-emptying cost saving in Ngor is c. 26 US$ p. a.
%
Statistic OUAKAM NGOR  ^ MBAO
Proportion reporting satisfaction 84% 94% 82%
[percentage, (95% Cl, n)] (69-93%, n=43) (84-98%, n=63) (70-90%, n=61)
Proportion reporting in-plot blockages/problems 18% 28% 16%
[percentage, (95% Cl, n)j (9-33%, n=49) (18-41%, n=64) (8-28%, n=63)
Proportion reporting street blockages/similar 9% 17% 10%
[percentage, (95% Cl, n)] (3-23%, n=43) (9-29%, n=64) (4-21%, n=61)
Reported tank-emptying cost saving (1000 fCFA per 54 0 38
annum per household) (113 ± 24, 0-600, (13 ± 3, 0-90, (77+ 16, 0-480,
[median (mean ± SEM, range, n)] n=34) n=55) n=40)
Table 14. Beneficiary perceptions o f maintenance responsibilities, and awareness o f "who to call". Data from  surveys o f 
nominal beneficiaries, considering all responses (full beneficiaries, partial beneficiaries, non-beneficiaries).
Statistic “  OUAKAM NGOR MBAO
Proportion considering themselves* responsible for 83% 89% 79%
IN-PLOT maintenance (73-90%, n=77) (78-95%, n= 64) (68-87%, n=77)
[percentage, (95% Cl, n)]
Proportion considering themselves* responsible for 5% 9% 0%
OUT-PLOT maintenance (2-14%, n=75) (3-20%, n=57) (0-5%, n=86)
[percentage, (95% Cl, n)]
Proportion w/ho "know who to call" in the event of a 8% 59% 9%
problem (3-17%) (46-71%, n=66) (4-17%, n=90)
[percentage, (95% Ci, n)]
*as opposed to authorities or, occasionally, "the community"
5.3.3: PAQPUD evaluation - overall outcomes and coverage
100
5.3.4. E v a l u a t io n  f in d in g s : P r o - p o o r n e s s  a n d  r e le v a n c e
PAQPUD specifically set out to be serve the poor. How effectively did it achieve this? There 
are several facets to  this question. First, was the project relevant: was Dakar an appropriate 
target location for a concessionary loan-funded intervention of this type? Second, how 
effectively did the project target poor districts within Dakar (i.e. how effective was the  
project's geographical targeting)? Third, how effectively did the project serve the needs of 
the poorest households within each district? Fourthly, within intervention districts, why 
exactly did some households benefit and others not: what were the reasons for non­
benefit? These questions are especially relevant in view of the high subsidies provided by 
this project (only about 5% of the total investment cost, and in some cases even less as a 
result of additional subsidy from the local commune).
These questions will be approached as follows:
•  Relevance: was Dakar an appropriate location?
•  Pro-poorness: how effective was geographical targeting?
•  Pro-poorness: how effective was within-district targeting?
•  W ithin intervention districts, why exactly did some households not benefit?
The latter three questions were assessed primarily on the basis of the householder survey 
data for Ngor, Ouakam and Mbao, though also on the basis of other data sources including 
project reports and stakeholder interviews.
5.3.4.I.Relevance: was Dakar an appropriate location?
The relevance of PAQPUD must be judged with regard to  a) the overall goals of the principal 
funder, the International Development Association (the World Bank's low-cost lending arm 
for the world's poorest countries), and b) progress towards the Millennium Development 
Goals for sanitation, under which this project was justified. Certainly Senegal is a poor 
country: with GDP per capita of $1600 (2009 estimate, CIA World Factbook), it ranks 195 of 
227 countries worldwide. However, it is currently classified by the W orid Bank as low 
middle income, not low income.
In terms of sanitation coverage, Senegal is in fact one of the best-performing African 
countries: the most recent JMP estimate (WHO/UNICEF 2010) is that 51% of the population 
has access to improved sanitation, with Senegal ranking 10^ "^  among the 44 countries in sub- 
Saharan Africa; considering the urban population only (as relevant here), 69% of the 
population has access to  improved sanitation, with Senegal ranking 4^  ^ among the 44  
countries, behind Angola, South Africa and Botswana (all with GDPs per capita 5- to  8-fold 
higher than Senegal). Senegal can thus be considered a model of urban sanitation among 
the poorest African countries, and the capital Dakar is a particularly striking case, with 82%  
of the population estimated to  have improved sanitation as at 2004 (ESAM-II census, DPS
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2007). Unlike most African cities, Dakar has an extensive and well-functioning sewerage 
serving about 25% of the population; and most remaining households, even in poorer 
districts, have pour-flush toilets discharging to septic tanks. By contrast, other cities in 
Senegal have much lower improved sanitation coverage (43% according to ESAM-II): major 
secondary cities such as Ziguinchor and Kaolack have notoriously poor sanitation.
Thus it is questionable whether Dakar can be considered a priority recipient for scarce 
sanitation funding: there are many cities within Senegal and elsewhere in Africa with much 
more pressing sanitation problems. This is confirmed by the author's own results, which 
indicate that the great majority of households in the PAQPUD project districts (90-100% ) 
already had access to improved sanitation, i.e. pour-flush toilet discharging to septic tank; 
and conversely, as discussed in more detail below, a high proportion of the minority 
without toilets did not benefit from the project. Most notably, Dakar has several districts -  
particularly in the déportement of Pikine- which suffer severe flooding for several months 
of the year. One such district is Guinaw Rail Nord: flooding leads to widespread overflow of 
septic tanks, so that people frequently contract portable diesel pump operators, who pump 
the contents of overflowing septic tanks directly to open drains in the street (Figure 38, 
Figure 39, below). In these districts, it makes little sense to invest in sanitation 
improvements unless these are genuinely flood-proof; indeed, it might be argued that 
there is no point in investing in permanent sanitation infrastructures until flooding and 
drainage have been resolved. This can be considered an example of MDG targets creating 
perverse incentives: rather than genuinely improving sanitation in areas of high need, the  
on-site and sewerage components of PAQPUD in many cases provided "improved toilets" 
to people with less pressing need.
Figure 38 (below left). A (non-sewered) district with very severe probiems o f high water tabie and seasonal flooding, Guinaw 
Rail Nord: discharge direct to the street of septic tank contents pumped from  septic tanks filed by recent flooding. Figure 39  
(below right). Within-piot flooding, frequently seen in Guinaw Rail Nord.
1 . ^ 9%/s ^ i  % / S *
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5.3.4.2.Pro-poorness: how effective was geographical targeting?
Guène et al. (2010) state that several targeting methods were evaluated at the design 
stage, and it was deemed that geographical targeting would be most cost-effective given 
the costs of alternative methods; that within-district targeting was not routinely attem pted  
was confirmed by my own interviews with project management staff and higher-level 
decision-makers (including RD-12, RD-33, RD-19). So was geographical targeting effective: 
did the project indeed serve poorer districts of Dakar, as was the aim at project appraisal? 
According to unpublished ONAS data, the on-site sanitation component served a total of 
about 51,000 households, and about 90% of these households were in districts {communes 
d'arrondissement) classified by Minvielle, Diop & Niang (2005) as very poor, while the 
remainder were in districts classified as poor; none were in the mostly central districts 
classified as middle-income or wealthy. Likewise the sewerage component of the project 
aimed to serve areas within districts classified as poor or very poor, including some of 
Dakar's poorest communities (though as noted, only 5 of the 11 local sewerage networks 
constructed under PAQPUD are currently operational; those that are not operational are 
clearly not pro-poor, but this can be considered a failing of im plementation, not of 
targeting). Thus the intervention can certainly be considered well targeted at the district 
scale, and this is one of the most im portant lessons to be drawn from this project: as 
discussed in Section 3.2.2 (page 24), most previous African sewerage projects have served 
only relatively wealthy districts. In drawing lessons from PAQPUD, however, it is important 
to  note that Dakar does not have extensive extrem e-poor informal settlements as seen in 
many other African cities, and that (as detailed above) the existing w ater and sanitation 
situation is much better in Dakar than in most African cities.
B.3.4.3. Pro-poorness: how effective was within-district targeting?
This section considers pro-poor targeting within districts: specifically, within 3 districts in 
which the sewerage scheme did become operational (Ngor, Mbao and Ouakam). For 
comparative purposes, pro-poor targeting was also evaluated in another 3 districts covered 
by the on-site sanitation component of PAQPUD: Grand Yoff, Guinaw Rail Nord and Sam 
Notaire. Targeting was assessed with respect to wealth cut-offs defined for each district 
(bottom quartile and median), and with respect to other key indicators of need (tenant 
status, and absence of toilet before the project).
Table 15 (page 103) summarises my data for each district on reported-income distributions, 
and exclusion errors considering various definitions of "target". Estimated exclusion of the 
poorest households in each district (bottom 20%, reported per-capita income) was very 
high in the sewerage districts of Ouakam and Mbao (81% in both cases), and high in the on­
site sanitation districts of Guinaw Rail Nord and Grand Yoff (61% and 43%). It is important 
to  note that the sewerage and on-site exclusion errors are not directly comparable, because 
the sewerage interventions basically aspired to serve everyone with a relatively small area.
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whereas the on-site interventions aspired to partially improve coverage over a much larger 
area. Nevertheless, it is clear that in both sewerage and on-site districts, there were high 
exclusion errors. As noted below (Section 5.3.4.4, which looks at reasons for non-benefit), 
this problem could have been reduced by strategies including more accurate within-district 
targeting, more flexible payment options, and development of better strategies for 
encouraging landlords and tenants to participate.
Table 15. Summary data on coverage rates, reported income and targeting errors in the six study districts (the 3 districts 
covered by the PAQPUD settled sewerage component, and 3 districts covered by the PAQPUD on-site sanitation component, 
here included fo r comparative purposes). Ail data from  my own householder surveys.
N gor O u akam M b a o G u in a w  Rail N G ra n d e  Y o ff Sam  N o ta ire
Targ e t-d is tric t pop u la tio n  TP 6 3 0 ’ 18 78 14 00 ’ 4 0 6 8 7 1 1 5 8 5 6 10 58 58
C overage ta rg e t CT 44 3 10 00 668
N o . fu ll bens'’
(% o fT P )
(% o fC T )
341
(54%  o f TP) 
(7 7 % o fC T )
54 0
(29%  o f  TP) 
(5 4 % o fC T )
44 1
(32%  o f  TP) 
(6 6 % o fC T )
253"
(0 .5%  o f TP) 
(n .a.)
4 0 8 '’
(0.3%  o f TP) 
(n .a.)
4 5 8 '’
(0.4%  o f TP) 
(n .a.)
N o . p o te n tia l bens'" 
(% o fC T )
0
(0%)
33 0
(33%  o fC T )
200
(3 0 % o fC T )
n.a.
H ho id  in c om e, 10 0 0  fC F A /m o n th
m edian  (m ean  ± SEM , n)
10 00  fCFA = 2 US$
150
(16 5+ 10 , n=64)
200
(22 5+ 10 , n=129)
200
(22 6 1 1 0 , n=125)
150
(1 7 9 1 1 1 , n=93)
163
(1 6 9 1 1 7 , n=36)
175
(1 9 7 1 1 2 , n=66)
P e r-cap ita  incom e, 1 0 0 0  fC F A /m o n th
m edian  (m ean  ± SEM , n)
14.3
(1 7 .1 ± 1 .3 , n=60)
21.4
(2 4 .2 + 1 .4 , n=129)
20 .0
(2 6 .0 + 2 .2 , n=124)
13.8
(1 6 .0 + 1 .2 , n=92)
9.1
(1 1 .0 1 1 .2 , n=36)
17.5
(2 0 .1 + 1 .8 , n=63)
% o f  hholds w ith  a t  leas t on e  T V
(n = sam ple size)
100%  (n=78) 92%  (n=173) 93%  (n =169) 92%  (n=100) 92%  (n=83) 93%  (n=91)
%  o f hholds w ith  a t  leas t on e  fr id g e
(n = sam ple size)
79%  (n=77) 63%  (n=174) 59%  (n=169) 39%  (n=100) 45 %  (n=83) 40 %  (n=91)
%  o f  househo lds w ith  a car
(n = sam ple size)
9%  (n=78) 10%  (n =176) 18% (n=172) 5% (n=101) 6% (n=83) 13%  (n=92)
Senegal e x tre m e /m o d e ra te  p oor (A)"'"’ -7 3 %  o f TP - 4 8 %  o f TP - 5 2 %  o f  TP -7 8 %  o f  TP -8 3 %  o f  TP -6 5 %  o f TP
Exclusion o f A 23 % 68% 73% 63% 63% 54%
D ak ar b o tto m  q u in tile  ( B l ) ' -5 3 %  o f TP -2 7 %  o f TP - 3 2 %  o f TP -5 8 %  o f  TP - 7 2 %  o f TP -2 7 %  o f  TP
Exclusion o fB l 25% 63% 78% 64% 62% 35%
D ak ar b e lo w -m e d ia n  (82 )* -8 3 %  o f TP -6 7 %  o f TP - 6 4 %  o f TP -8 6 %  o fT P - 1 0 0 %  o f  TP -7 8 %  o f  TP
Exclusion o f B2 22% 75% 65% 62% 61% 55%
Inclusion ofnot-B2 100% 45% 62% 38% 0% 43%
Targeting differential -22% -20% -27% 0% 39% 2%
D istric t b o tto m  q u in tile  (C l)* 20%  o f TP 20%  o f TP 20%  o f TP 20%  o f TP 20%  o f TP 20%  o f TP
Exclusion o f Cl 3% 81% 81% 61% 43% 17%
D istric t b e lo w -m e d ia n  (C2)* 50%  o f TP 50%  o f TP 50%  o f  TP 50%  o f TP 50%  o f TP 50%  o f  TP
Exclusion ofC2 25% 80 % 73% 65% 59% 47%
Inclusion ofnot-C2 89% 67% 52% 43% 42% 35 %
Targeting differential -14% -47% -25% n8% -1% 18%
D istric t te n a n ts  (D)* - 0 % o f  TP - 1 6 %  o f TP - 7 %  o f TP - 1 3 %  o f  TP -2 3 %  o f TP -2 4 %  o f  TP
Exclusion ofD 0% 100% 69% 86% 71% 62 %
D istric t no to ile t  (E)* -1 0 %  o f  TP - 5 %  o f  TP - 5 %  o f  TP - 0 %  o f  TP -3 %  o f  TP - 8 %  o f TP
Exclusion o f E 25% 78% 100% 0% 0% 0%
The estimates of total target-dlstrlct population size for Ngor and Mbao are approximate estimates based on best 
information available.
' Full beneficiary households are defined as those that received an external connection from their plot boundary to a 
functioning netw/ork, and also had an internal connection from their septic tank (existing or project-built) to the connection 
point at the plot boundary; this internal connection may have been paid for by the householder or by the project. Potential 
beneficiary households had an external connection to a functioning network, but did not have a complete internal 
connection at the time of survey. See Figure 2 (page 20).
' The estimate of number of full beneficiaries in the on-site sanitation districts is based on the ONAS-reported number of 
people who received a sanitation intervention (toilet and/or septic tank), corrected for my survey observations. For 
example, in Guinaw Rail, ONAS reports 1054 beneficiary households, but most of these households received greywater 
drainage systems only; 408 households were reported to have benefitted from a toilet and/or septic tank. However, my 
survey found that only 42 (79%) of my Guinaw Rail sample of 53 nominal sanitation beneficiaries had in fact benefitted: so 
the final estimate of 0.5% of TP is given by 100 x (253 x 0.79)/40687. Likewise in Grande Yoff and Sam Notaire the number 
of true beneficiaries was lower than the nominal number (83% and 91% respectively).
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 ^This row shows the estimated proportion of the target population in each district with per-capita monthiy income below the 
Senegalese national definition of moderate poverty. This then allows estimation of exclusion error for this poverty 
threshold; so if we suppose that the project should have targeted households with per-capita monthiy income below the 
Senegalese moderate poverty threshold, then in Ngor an estimated 23% of this group were excluded, i.e. did not benefit. 
[Here I consider beneficiaries to be full beneficiaries; potential beneficiaries as defined in footnote b above are considered 
as non-beneficiaries for this calculation.] 
e Estimates of inclusion and exclusion error for settled sewerage districts refer to the whole population within the sewered 
district; estimates for the on-site sanitation districts refer to that proportion of the population served by the project, 
f These rows show other possible definitions of target, and calculations of exclusion error for each target; calculations are as 
described in footnotes d and e above.
Thus far I have been considering exclusion error as opposed to inclusion error, in view of 
the nature of sanitation provision in general and sewerage provision in particular: it is 
reasonable to suppose that individuals will derive a health benefit not only from their own 
connection to  a sewerage network, but also from their neighbours' connections; as a result, 
the more connections the better, even if this does mean inclusion of less needy 
households. Independently of this public health argument in favour of maximal inclusion, 
however, there is an economic argument in favour of minimising inclusion of the non-poor: 
this was a highly subsidised programme, and subsidy of households that could probably pay 
for their own connection is inefficient. Table 15 (page 103) shows inclusion errors 
estimated for each district considering the target to be households with per-capita income 
at or below the Dakar median, and non-target to be households with per-capita income 
above the Dakar median. Inclusion errors thus defined were high (between 40% and 100%) 
in all districts except Sam Notaire; this ties in with the conclusion of Guène et al. (2010) that 
this was not a cost-effective programme.
S.3.4.4. Reasons for non-benefit
Around 50% of households in the settled sewerage districts did not receive a sewerage 
connection; in the on-site sanitation districts, over 99% of households did not receive any 
sanitation benefit (though as noted the figures for sewerage and on-site districts are not 
directly comparable, since the on-site sanitation interventions were spatially diffuse 
interventions over much larger areas). W hy did these households not benefit?
In the sewerage districts, about 70-75% of non-beneficiary households stated that they 
would have liked to  participate but had not been able to, while about 25-30% stated that 
they had not wanted to participate (Figure 40, page 106). By far the most common reported 
reasons for not being able to  participate were inability to afford the fee and/or lack of a 
toilet, though in Ouakam another important reason was that the householder was a tenant 
(and thus had not been consulted by the landlord, or the landlord had refused). Among 
non-beneficiary households in the bottom quintile of per-capita income, the proportion 
reporting {"wanted to but couldn't afford i f '  or "no to ile f’} was markedly higher than in the  
middle and top quintiles (Mbao, 83% versus 42% and 0%; Ouakam, 43% versus 26% and 
10%); these differences among reported income quintiles were not statistically significant 
at the 5% level (i.e. 95% confidence intervals overlapped; data not shown), but this is
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probably attributable to  the small sample sizes resulting from division of the full sample 
into income quintiles.
[In the on-site districts surveyed for comparative purposes (i.e. not the settled sewerage 
districts), over 95% of non-beneficiary households stated that they would have liked to  
participate but had not been able to; very few  households reported that they were not 
interested in participating (Figure 41, page 107). By far the most common reported reason 
for non-participation was lack of knowledge of the project. The number of households 
reporting that they did not participate because they could not afford it was very low in all 
districts, even among households in the bottom income quintile; however, this is probably 
because in these districts the number of households who were unaware of the project far 
outweighed the number of households who were aware of the project but couldn't afford 
to participate.]
Thus in the sewerage districts inability or unwillingness to pay was apparently a major 
cause of non-benefit, despite the very heavy subsidy and the relatively small connection fee  
required from the householder (22,000 fCFA = US$ 43). Flowever, it is im portant to  note 
firstly that the householder in most cases had to  pay not only the connection fee but also 
cover the costs of internal connection from their toilet to the new septic tank; and secondly 
that we are dealing here with a householder report of inability to pay, not an objective 
measure. Nonetheless, the high proportion of reported inability to  pay in the bottom  
income quintiles suggests that this is a significant problem that needs to be addressed in 
ongoing interventions in Dakar, and in similar projects elsewhere. Furthermore, the  
presence of a small but non-negligible number of households who were unable to  
participate because they did not have a toilet is a clear concern, since this means that the  
project was tending to  exclude precisely those in greatest need. In the Dakar context, the  
author argues for the following solutions to these problems: a) improved within-district 
targeting to  ensure that available subsidy is offered to  lower-income households first, 
perhaps with a stepped system such that the lowest-income households receive more 
subsidy than higher-income households; given the laudably heavy investment in 
employment of community workers who mediated between the project and beneficiaries, 
this should have been feasible; b) more attention to  flexible payment schemes to  
encourage participation by the lowest-income households; and c) a better-defined strategy 
for ensuring that landlords participate in the scheme, so that tenants are not excluded.
Finally, in the on-site districts, project marketing seems not to have reached many potential 
beneficiaries: in other words, many householders were not aware that the project existed. 
If funding is insufficient to meet demand throughout the project area, it is clearly im portant 
to aim to  disseminate widely and identify those in greatest need.
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Figure 40. Reasons fo r non-benefit in the sewerage districts (Ouakam and Mbao).
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Figure 41. Reasons fo r non-benefit in the on-site sanitation districts (Guinaw Rail, Sam Notaire, Grand Yoff).
107
Didn't w ant 
10%
Couldn't afford 
10%
Not awa re 
80%
A; Onsite districts, bottom  income quintile
Couldn't afford
6 %
Tenant
1%Didn't w an t 
4%Admin
9%
Not aw are  
80%
B: Onsite districts, all income groups
5.3.4: PAQPUD evaluation - pro-poorness
108
5.3.4.5. How pro-poor was PAQPUD compared w ith previous African sewerage projects?
The only World Bank publication to date on the PAQPUD sanitation project (Guène et al. 
2010) states that the geographical targeting used in this project generally reached the 
intended recipients, and that inclusion error was low, i.e. few comparatively richer 
households benefited. My results indicate that this positive assessment needs to be 
qualified. It is certainly true that the PAQPUD settled sewerage project achieved better pro­
poor impact than most previous African sewerage projects (see Section 3.2). However, 
there are some concerns about inclusion of richer households, and significant concerns 
about exclusion error: in both Ouakam and Mbao over 80% of households in the bottom  
20% of the reported-income distribution did not benefit from the project. PAQPUD's 
specific targeting of poorer districts and explicit exclusion of wealthier city-centre districts 
was very unusual for an African sewerage project, and is clearly a model to be followed; but 
equally clearly, the project's decision not to apply within-district targeting led to inefficient 
and non-equitable expenditure of the very significant household subsidy. As noted in the 
previous section, I suggest that a more appropriate system would have involved a 
combination of stepped subsidy levels and microcredit, offering full subsidy to very poor 
households, partial subsidy plus option of stepped payment for less-poor households, and 
no subsidy plus option of stepped payment for wealthy households. Given an equitable 
system of this type, and assuming broad acceptance of the sewerage intervention by the  
community, it might also have been of interest to consider making connection to the 
network obligatory on public health grounds.
Key conclusions. Section 5.3.4: Pro-poorness and relevance
- The PAQPUD settled sewerage project was well-targeted at the district level, and this pro­
poor geographical targeting is a valuable model for sewerage system planning in other 
African cities
- However, this effective geographical targeting was rendered worthless in most districts, 
because of non-completion of the infrastructure
- Furthermore, even w ith the operational districts, w ithin-district targeting was deficient: over 
80% of the bottom wealth quintile did not benefit
- As detailed in this section and further discussed in Section 6, my findings offer useful lessons
for design of sewerage interventions such that they achieve genuine pro-poorness
Section 5.3: FINDINGS - PAQPUD EVALUATIQN
109
5 .3 .5 .  E v a l u a t io n  f in d in g s : Costs  a n d  c o s t - effe c tiv e n e s s
Clearly, the capital costs of sewerage infrastructure are high, and it is of interest to assess 
actual costs of the PAQPUD sewerage system as borne by the Project (i.e. the Senegalese 
government with W orld Bank concessionary loan funding), and by householders and other 
stakeholders. In fact this component of the study proved more difficult than anticipated: 
firstly, because of the difficulties of meaningfully assessing costs in a project in which most 
of the budget was spent but large parts of the system remain non-operational; secondly, 
because the contracting agency AGETIP did not provide free access to  project accounts.^ 
However, an end-of-project expenditure summary was obtained from AGETIP for one of the  
operational schemes (Ouakam), and in conjunction with other data sources including ONAS 
reports and my householder surveys (which included questions on household expenditure), 
this provides a basis for assessment of the actual capital costs of the PAQPUD settled 
sewerage project. This analysis will allow brief consideration of w hether low-cost settled 
sewerage can be considered a cost-effective sanitation solution in Dakar and elsewhere; 
nonetheless, cost-effectiveness has not been a central focus of this work, and this thesis 
does not claim to offer a detailed comparative analysis of the costs of low-cost sewerage 
systems. See also Section 6.1, in which I argue that attempts to  obtain generalisable 
estimates of the costs of different sanitation solutions are of limited value.
5.3.5.1. Project cost estimates
Overall PAQPUD project expenditures, as reported by the implementing agency ONAS in 
M ay 2009 (ONAS 2009a) are listed in Table 16 (page 110). The settled sewerage systems 
account for about 34% of total reported contracted payments, and about 48% of the ONAS 
retention; if we therefore very roughly assume that 41% (midpoint of 34 and 48) of the  
remaining costs were due to the settled sewerage component, we obtain a total 
expenditure of about 14.2 million US$, about 35% of the total project amount. Note that 
these amounts correspond to the initial budgeted amounts, which casts some doubt on 
their reliability as estimates of final expenditure: however, they are the best estimates 
available at the whole-project scale.
Allocations of the settled sewerage budget among the 11 individual schemes is summarised 
in Table 17 (page 111).
 ^This latter problem was despite fuii written authorisation for access to such data from the World Bank and ONAS: indeed, 
during the fieldwork period (October-November 2009) informal conversations indicated that requests for project accounts 
addressed from the Worid Bank and ONAS to AGETiP were iikewise not being met; in other words, the contracting agency 
was not returning detaiied accounts to the implementing agency and funder.
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Table 16. PAQPUD project expenditure, as reported by ONAS in M ay 2009.°
COMPONENT REPORTED 
EXPENDITURE 
(million CFA francs)
REPORTED 
EXPENDITURE 
(US $ equivalent)
PERCENTAGE OF 
TOTAL
Payments to construction contractors (on-site) 
{Travaux ouvrages individuel)
10,123 million 21,258,930 53%
Payments to construction contractors (settled 
sewerage)
{Travaux semi collectif)
5,245 million 11,015,130 27%
Payments to construction contractors (schools and 
public toilets)
{Travaux EP/BSS)
483 million 1,014,510 3%
Sub-total: Construction costs 15,369 million 32,274,060 80%
ONAS retention for contract management (on-site) 
{Maitrise d'œuvre assainissement individuel)
429 million 900,690 2%
ONAS retention for contract management (settled 
sewerage)
{Maîtrise d'œuvre semi collectif)
338 million 710,640 2%
ONAS retention for contract management (schools 
and public toilets)
{Maîtrise d'œuvre EP/BSS)
127 million 267,330 1%
Sub-total: ONAS costs 895 million 1,878,660 5%
Communications
{lEC = information, éducation, communication)
1,942 million 4,077,570 10%
Training
{Formation)
171 million 358,470 1%
Payment to AGETIP as delegated implementing 
agency
(Honoraire AGETIP)
739 million 1,552,530 4%
Sub-total: Soft costs on top o f ONAS retention 2,852 million
TOTAL 19,115 million 40,141,290 100%
as at May 2009:1000 fCFA = 2,1 US$.
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Table 17. Allocations o f the settled sewerage budget among the 11 Individual schemes. (ONAS data).
Scheme Target 
no. of 
hholds
Discharge^ Total
construction
contract
amount,
US$b
Total soft 
cost
estimate,
US$:
Total capital 
cost estimate 
(construction + 
soft), US$
1) Yoff 2,170 Sewer mains, 2 pump stations 1,874,349 555,399 2,429,748
2) Cambérène 1,750 Sewer mains, 1 pump station 1,342,650 397,848 1,740,498
3) Ouakam 1,400 Sewer mains, 1 pump station 1,710,693 506,905 2,217,597
4) Hann Bel Air 1,750 Sewer mains, 1 pump station 1,477,786 437,891 1,915,677
5) Thiaroye 910 Local treatment (stabilisation ponds), 1 
pump station
746,540 221,211 967,751
6) Mbao 700 Local treatment (3 upfiow anaerobic 
filter units), 1 pump station
958,593 284,046 1,242,639
7) Bargny 630 Local treatment (2 upfiow anaerobic 
filter units), 1 pump station
1,019,059 301,963 1,321,022
8) Ngor 630 Sewer mains, 1 pump station 492,981 146,078 639,059
9) Rufisque 910 Rufisque sewer mains, 1 pump station 749,848 222,192 972,040
10) Cité Gusman Fall 210 Local treatment (1 upfiow anaerobic 
filter units)
193,121 57,225 250,346
11) Cité SONES 140 Local treatment (1 upfiow anaerobic 
filter units)
114,553 33,944 148,497
TOTAL 11,200 10,680,174 3,164,700 13,844,874
’ The different systems were designed to discharge to the Dakar's main conventional sewerage network, or to the Rufisque 
local conventional sewerage network, or to local small-scale treatm ent facilities (in ail cases with subsequent discharge to 
the sea). The local treatment solutions, and number of pumping stations constructed, are those that were planned; as 
detailed in Section 5.3.3.1 (page 77), eventual outcomes in some cases differed from the planned solution.
' This is the total value of construction contracts awarded, taken from a summary of payment demands submitted by ONAS to 
AGETIP on 25 June 2009 (Demande de paiements 36A, période du décompte 0 5 /0 6 /09 -2 5 /0 6 /09 ), and shown here as US $ 
equivalent. The author does not know why there is a discrepancy between this total amount (US$ 10,680,174) and the total 
amount reported in ONAS (2009) (5,245 million fCFA = US$ 11,014,500; see Table 16). It will here be assumed that all these 
contracts have been fully paid; as summarised in Table 18, It seems likely that most payments have been made, though 
because of the lack of detailed actual expenditure accounts, this cannot be stated with absolute certainty.
Total soft cost for the settled sewerage component of PAQPUD is estimated as 338 + [2852 x 0.41] = 1507 million fCFA (see 
Table 16 above); soft cost for each district is then estimated here by assuming that soft cost was pro-rata to construction 
cost; so for example Yoff soft cost = 1507 * [892.547241/5085.796988] = 264.475498 million fCFA = 555,399 US$.
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Table 18. Value of construction contracts awarded In each o f the 
summary o f payment demands submitted by ONAS to AGETIP on 
décompte 0 5 /0 6 /09 -25 /06 /09 ).
11 PAOPUD settled sewerage districts, as reported in a 
25 June 2009 (Demande de paiements 36A, période du
ZONE LOT CONTRACTOR REF CONTRACT DATE
CONTRACT
A M O U N T PREVIOUS
PAYM ENTS
TH IS-
PERIOD
PA YM EN T
% PAID
Y o ff 1 SEBATCO T U -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 2 4 /0 7 /2 0 0 6 2 9 1 ,0 6 6 ,7 9 0 2 6 1 ,9 6 3 ,4 7 0 29 ,1 0 3 ,3 2 0
100
Yoff 2 DETRACO T V -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 2 4 /0 7 /2 0 0 6 2 7 0 ,3 0 9 ,6 5 8 2 5 0 ,0 3 8 ,0 8 0 2 0 ,2 7 1 ,5 7 8
100
Yoff 3 FI T W -C 9N  R -0 0 0 2 -0 0 /2 0 0 4 2 5 /0 7 /2 0 0 6 13 4 ,3 1 1 ,2 8 3 1 2 2 ,9 0 9 ,0 7 9 11 ,4 0 2 ,2 0 4
100
Yoff 4 GENITE T X -C 9N R -0 00 2-00 /2 00 4 2 0 /0 7 /2 0 0 6 19 6 ,8 5 9 ,5 1 0 18 8 ,0 8 5 ,7 3 5 8 ,77 3 ,7 75 100
C am b é rèn e 1 M AXI BAT T 3 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 8 /0 8 /2 0 0 6 2 6 3 ,1 7 5 ,7 2 0 2 4 6 ,0 4 6 ,5 4 4 1 7 ,1 2 9 ,1 7 6 100
C am bérène 2 SOGECAM T 2 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 4 /0 8 /2 0 0 6 2 1 7 ,2 7 8 ,8 7 8 1 4 1 ,4 2 1 ,5 0 2 1 0 ,4 0 8 ,3 9 0 70
C am bérène 3 SENCOM T 4 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 9 /0 8 /2 0 0 6 15 8 ,9 0 2 ,4 8 8 1 3 5 ,7 3 8 ,4 8 1 2 3 ,1 6 4 ,0 0 7 100
O u akam 1 M AXI BAT T Q -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 0 3 /0 3 /2 0 0 6 2 7 8 ,0 7 0 ,9 2 1 2 7 8 ,0 7 0 ,9 2 1 0 100
O uakam 2 Fi T R -C 9 N R -00 02 -0 0 /20 04 0 2 /0 3 /2 0 0 6 1 7 6 ,6 8 6 ,7 7 9 16 2 ,8 8 5 ,2 0 2 1 3 ,8 0 1 ,5 7 7 100
O uakam 3 Fi TS -C 9N R -0 00 2-00 /2 00 4 0 2 /0 3 /2 0 0 6 16 7 ,0 6 6 ,7 7 9 15 6 ,4 4 5 ,6 1 2 10 ,6 1 0 ,9 8 2 100
O uakam 4 SEBATCO TT -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 2 9 /0 3 /2 0 0 6 19 2 ,7 9 1 ,0 1 2 17 3 ,51 1 ,7 05 19 ,2 7 9 ,0 7 3 100
H ann  Bel A ir 1 FI T 5 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 9 /0 9 /2 0 0 6 2 6 9 ,9 4 1 ,6 4 0 2 5 0 ,4 4 2 ,6 2 2 19 ,4 99 ,01 8
100
H ann Bel Air 2 SEC T 5 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 0 3 /1 0 /2 0 0 6 2 3 1 ,8 1 4 ,6 5 9 2 1 8 ,5 2 2 ,9 1 9 13 ,2 91 ,74 0 100
H ann Bel Air 3 GEAUR T 7 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 0 2 /1 0 /2 0 0 6 2 0 1 ,9 5 1 ,3 6 7 1 9 5 ,8 8 3 ,6 6 0 6,0 6 7 ,7 0 7 100
T h iaroy e 1 SOGECAM T 1 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 8 /0 7 /2 0 0 6 1 5 3 ,6 6 3 ,6 0 6 1 4 3 ,2 5 5 ,2 1 6 10 ,4 0 8 ,3 9 0 100
Thiaroye 2 SOGECAM T Z -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 2 6 /0 7 /2 0 0 6 1 2 3 ,8 4 7 ,3 1 0 12 3 ,00 1 ,0 93 0 99
Thiaroye 3? GEAUR T Y -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 0 1 /0 8 /2 0 0 6 7 7 ,9 8 4 ,1 1 8 4 6 ,0 9 9 ,3 4 3 0 59
M b a o 1 DETRACO T 1 -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 1 4 /1 2 /2 0 0 6 26 0 ,1 3 6 ,0 4 1 2 3 4 ,1 2 9 ,7 3 8 2 6 ,0 0 6 ,3 0 3
100
M b ao 2 SEBATCO T H -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 1 3 /1 2 /2 0 0 4 1 9 6 ,3 3 7 ,0 0 0 1 7 6 ,7 0 3 ,7 5 0 1 9 ,6 3 3 ,2 5 0 100
Bargny 1 Fi TE -C 9N R -0 00 3-00 /2 00 4 2 8 /1 1 /2 0 0 6 2 4 7 ,1 1 7 ,8 9 3 2 1 2 ,8 9 5 ,9 6 1 3 4 ,2 2 1 ,9 3 2 100
Bargny 2 ABA TG -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 6 /1 1 /2 0 0 6 7 9 ,0 7 2 ,9 9 5 6 1 ,9 4 0 ,6 5 9 17 ,1 3 2 ,3 3 6
100
Bargny 3 ABA TF -C 9 N R -00 03 -0 0 /20 04 1 7 /1 1 /2 0 0 6 15 9 ,0 7 5 ,4 4 0 9 5 ,3 2 3 ,2 4 2 63 ,7 5 2 ,1 9 8 100
N gor 1 SEBATCO TA -C 9 N R -00 01 -0 0 /2 0 0 4 2 5 /1 1 /2 0 0 4 2 3 4 ,7 5 2 ,9 4 9 2 3 4 ,7 5 2 ,9 4 9 0
100
R ufisque 1 ETPA T B -C 9 N R -00 03 -0 0 /20 04 2 2 /1 1 /2 0 0 6 17 0 ,8 6 9 ,0 7 3 1 5 1 ,8 1 4 ,3 8 0 19 ,0 54 ,69 3 100
Rufisque 2 PLURIEL T D -C 9 N R -0 0 0 3 -0 0 /2 0 0 4 2 4 /1 1 /2 0 0 6 1 0 6 ,2 3 4 ,3 0 6 9 1 ,2 4 4 ,7 7 7 14 ,9 89 ,52 9 100
Rufisque 3 SOCER T C -C 9 N R -00 03 -0 0 /20 04 2 4 /1 1 /2 0 0 6 79 ,9 6 7 ,2 4 9 68 ,2 3 8 ,4 4 7 1 1 ,7 2 8 ,8 0 2 100
C ité  O usm an  Fall 1 LiTiVA T3-C 9N  R -0 0 0 2 -0 0 /2 0 0 4 1 8 /0 5 /2 0 0 5 91 ,9 6 2 ,5 0 2 87 ,3 6 4 ,3 8 0 4 ,5 9 8 ,1 2 2 100
C ité SONES 1
EGECFOR T M -C 9 N R -0 0 0 2 -0 0 /2 0 0 4 3 0 /0 9 /2 0 0 5 5 4 ,5 4 9 ,0 2 2 2 4 ,3 3 8 ,9 1 8 1 ,13 8 ,8 98 4 7
5.3.5.2.Expenditure components
Within-scheme allocations to different components are summarised for three of the 
PAQPUD schemes in Table 19 (page 113; Ouakam), Table 20 (page 113; Yoff) and Table 21 
(page 114; Hann Bel Air); these estimates are based on ONAS and AGETIP documents, as 
detailed in the tables. Actual expenditures are available only for Ouakam; in the other two 
examples shown (Yoff and Hann Bel Air), only the prior estimates prepared by consulting 
engineers for ONAS are available. The Ouakam billed cost was in fact very close to the  
projected cost, but allocations within the budgeted amount changed considerably: notably 
the cost of the pumping station rose from 8 to 25% of the total, while the amount 
dedicated to in-plot components dropped from 44 to 18% of the total. This is in line with 
indications that the cost of pumping stations had been under-estimated (in the Rufisque 
scheme, for example, ONAS documents indicate that a contract variation was negotiated to 
account for higher-than-budgeted pumping station cost); and likewise with observations
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throughout the study suggesting that the total number of households to be served by the  
settled sewerage component of PAQPUD was greatly reduced over the course of the 
project (from 11,200 at appraisal; to 7,200 at the technical planning stage; to my estimate 
of about 2 ,400-3 ,200  households actually served).
As can be seen in Table 19, the major expenditure category within the Ouakam scheme was 
trenching and network construction (including 800 m of collector sewer), followed by the 
pumping station, in-plot interceptor tanks, then demolition and resurfacing. If demolition 
and resurfacing are included within the "trenching and network construction" component, 
this work accounts for 50% of the total cost. Interestingly, access points account for only 6% 
of total costs.
Basically similar breakdowns are seen in the planning estimates for Yoff and Hann Bel Air 
(Table 20 and Table 21); in Hann Bel Air the planned allocation to in-plot interceptor tanks 
was high, but it is certainly possible that this proved to be much lower, given that only 
about 50% of the projected number of plot connections were built (Section 5.3.3.1, page 
77).
Table 19. Summarised breakdown o f costs, OUAKAM (with actual expenditure data)
Component Prior estimate US$° % of total Billed cost US$‘’ % o f total
Trenching and network construction 577,351 34% 619,699 38%
Pumping station 137,252 8% 404,861 25%
Interceptor/septic tanks' 745,687 44% 300,496 18%
Demolition and resurfacing (paved surfaces, roads) 93,870 6% 202,583 12%
Access points of various types 61,109 4% 100,503 6%
Collector sewer (800 m) 65,520 3% - 0%“
Other 1,138 <1% 4,667 <1%
TOTAL 1,681,928 1,632,808
These are the prior estimates prepared by consulting engineers for ONAS.
‘’ Drawn from final accounts presented to AGETIP in June 2009; the author has copies of the accounts for lots 2, 3 and 4, but 
not for lot 1, for which ONAS's prior estimate is used.
1400 "interceptor tanks" at about US$500-580  each; these are described as interceptor tanks, but in many cases were 
septic/interceptor tanks (i.e. the only tank between toilet and sewer).
‘‘ This component was completed, but included in the final accounts under Trenching and network construction.
Table 20. Summarised breakdown o f costs, YOFF (planning estimates only, no actual expenditure data available)
Component Prior estimate US$* % of total
Trenching and network construction^ 1,150,461 56%
Pumping stations'" 462,655 22%
Interceptor/septic tanks 292,747 14%
Access points of various types 144,623 7%
Other 6,300 <1%
TOTAL 2,056,786 100%
This component includes the Demolition and resurfacing component in Table 19.
’ This is the estimate for two new-built pumping stations (about US$ 150,000 and 230,000) and expansion of an existing 
pumping station (about US$ 50,000).
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Table 21. Summarised breakdown o f costs, HANN BEL AiR (planning estimates only, no actual expenditure data available)
Component Prior estimate US$° % of total
Interceptor/septic tanks 588,119 53%
Trenching and network construction^ 335,935 30%
Pumping station 144,604 13%
Access points of various types 30,531 3%
Other 6,300 <1%
TOTAL 1,10S,489 100%
' This component includes the Demolition and resurfacing component in Table 19.
5.3.5.3.Per-household cost estimates
Capital cost calculations for the 11 schemes are summarised in Table 22 (page 117). Costs 
are estimated per household, and this is taken as the working unit: estimated costs per 
person are also presented, but these introduce an additional source of uncertainty, since 
they are derived by dividing estimated cost per household by estimated average household 
size. These cost estimates are based on ONAS data on contract amounts, divided by 
estimates of number of households actually served derived from my own survey data.
A difficulty in obtaining meaningful cost estimates is in deciding which precise estimates to 
use. Let us suppose we are looking at a functional scheme (i.e. the local network is 
operational and discharges to the conventional network or a local treatment/disposal 
facility), and let us assume that we have perfect knowledge of the total capital cost of the 
scheme, and perfect knowledge of the number of households in the implementation area 
and the exact level of service provision to each household.^ Cost per household can be 
calculated in three ways: a) considering only households that have connected their septic 
tank outflows to the network; b) additionally considering households that have a 
connection to the network, but have not yet connected their septic tank to it; and c) 
additionally considering households that could readily connect to the network in future. 
Which estimate is most useful depends on the precise question to be answered, and on 
judgements about the likelihood of continued system improvement. So if our interest is in 
strict audit of project outcome at completion, estimate (a) will be the most appropriate; 
while if our interest is in potential value of the investment, estimates (b) or (c) may be more 
useful. Table 22 (page 117) therefore lists per-household capital cost estimates obtained in 
various different ways.
 ^Clearly I do not have perfect knowledge of these different values. In particular, the real total capital cost of each scheme is 
not accurately known, since we do not have detailed actual expenditure accounts; furthermore, although our data on 
number of households served in each district is probably reasonably accurate, we have only crude data on total number of 
households in each district.
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Over and above these complications, it should be stressed that the cost estimates listed 
below do not take account of the pre-PAQPUD investment in Dakar's existing conventional 
sewerage system. Thus estimates for some of these schemes (those with connection to  
existing sewer mains) should be taken to represent the cost of local sewerage expansion 
given an existing mains network; the estimates for the remaining schemes are of the cost of 
a local sewerage system with local treatment/disposal (though noting that the local 
treatment/disposal solutions are in many cases suboptimal: see Section 5.3.3.5, page 91).
The average per-household capital cost actually achieved by the PAQPUD project as a 
whole (per-household capital costs actually achieved by the PAQPUD project; strict current 
estimates. Table 22 page 117 and Table 23 page 117) was US$ 5846, including householder 
contributions. This is extremely high, as expected given that 7 of 11 schemes remained non- 
operational despite full budget expenditure: much higher than the per-household capital 
cost estimated at the project planning stage (about US$ 980), and likewise much higher 
than the JMP estimates of US$ 732 per household for "small-bore sewerage" and US$ 1680 
for conventional sewerage (JMP 2000).^ This result thus indicates that the settled sewerage 
component of the PAQPUD project had very poor cost-effectiveness.
The project-average strict current estimate is a useful indicator of the (very poor) cost- 
effectiveness achieved by the PAQPUD project, but not useful as an estimate of the likely 
cost-effectiveness of future interventions of similar characteristics. A more useful estimate 
here is the average strict current estimate considering the 4 operational schemes only: US$ 
2932 per household (about US$ 257 per capita) (Table 23, page 117). Somewhat more 
optimistically, we can also consider the average short-term potential estimate (i.e. 
considering not only households that were actually connected to  the network as at late 
2009, but also households that have a plot connection but have not yet connected their 
septic tank to it): this gives a per-household capital cost of US$ 2119 (about US$ 186 per 
capita) (Table 23, page 117). So this suggests that the potential capital cost of a similar 
project in a similar context might be in the region of US$ 2000 -3000  per household (about 
US$ 190 -260  per capita). This is still much higher than the JMP estimate cited above (US$ 
732 per household), and much higher than other estimates for low-cost sewerage systems: 
Vargas-Ramirez & Lampoglia (2006) review costs of condominial sewerage worldwide, and 
report values ranging between US$ 119 in Bolivia to US$ 759 in Paraguay.
There are several possible reasons for the dramatically high per-household cost observed in 
the operational PAQPUD schemes. First, cost control may have been very poor: certainly 
the very poor overall outcome of the project makes it highly plausible that costing, contract 
adjudication and contract management within the operational districts was likewise poor. 
Second, the Dakar system may have been over-designed (i.e. unnecessarily high 
construction standards): however, there is no reason to  suppose that this is the case. Third, 
project costs in Dakar may have included items not usually included in cost estimates for
 ^Figures obtained by Inflation-adjusting the most recent JMP figures (JMP, 2000), and assuming 11.4 people per household, as 
assumed In ONAS calculations for Dakar, and as supported by the author's own householder survey data.
5.3,5; PAQPUD evaluation - cost-effectiveness
116
low-cost sewerage: PAQPUD included substantial expenditure on in-plot interceptor tanks 
(see Table 19, Table 20 and Table 21), but -as  discussed below - this does not account for 
the very high costs seen in Dakar. A fourth possibility is that previous estimates of low-cost 
sewerage costs may be unrealistically low, perhaps because they have often been obtained 
by proponents of the approach: for example Melo (the "founding father" of condominial 
sewerage) reports a 1997 cost of US$ 56 per connection in Brazil (M elo 2005), much lower 
than even the lowest value reported in Vargas-Ramirez & Lampoglia's (2006) review.
It is clearly possible that the poor contract management seen in the PAQPUD project may at 
least partially reflect corruption, i.e. cost inflation for personal gain by individuals within the 
institutions directly involved, and/or at higher levels in the power structure. The author has 
no evidence to indicate that this may have occurred in the PAQPUD project; however, 
"procurement kickbacks" are reported to be common in Senegal. Transparency 
International cites the 2004 Thiès construction scandal, a road construction project "which 
involved an opaque mix of poor planning and rivalry at the highest levels of power that cost 
unknown millions" (Ndiaye 2008). This author reports that the contracts giving rise to the 
greatest concern are those that go through agencies ("bodies ... of Anglo-US inspiration ... 
created in response to a perceived need to introduce private sector techniques into public 
services management"). AGETIP is of course one such agency. The OECD in 2006 questioned 
"the ability of the [Senegalese] state to manage major projects with transparency" (Ndiaye 
2008). Ndiaye concludes that there is "little evidence of institutional determination to 
stamp out corruption ... in procurement policy".
I therefore cannot offer definitive explanations for the very high per-household capital 
costs of the Dakar settled sewerage project. However, I suggest a) that the Dakar capital 
costs were probably severely inflated by very poor contract management (and possible 
procurement corruption), and also b) that previous estimates of the capital costs of 
nominally low-cost sewerage systems may have tended to be under-estimates based on 
reports from the im plementer and/or funder, not on detailed independent evaluation.
Key conclusions. Section 5.3.5: Costs and cost-effectiveness
- The per-household capital cost of the PAQPUD settled sewerage project as a whole was
massively high
- The per-household capital cost of the operational PAQPUD schemes was about US$ 2000-
3000 per household, much higher than previous estimates for low-cost sewerage systems
- The Dakar costs were probably inflated by very poor contract management
- It is also possible tha t previous estimates of the capital costs of low-cost sewerage have been 
under-estimates
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Table 22. Estimated per-household capital costs o f the settled sewerage schemes.
Scheme Total capital cost 
(construction + soft) US$
Per-household (per-capita) capital cost
Strict current 
estimate^
Short-term potential 
estimate*’
Long-term 
potential estimate'
1) Yoff 2,429,748 2706 ph 
(237 PC)
2054 ph 
(180 pc)
1120 ph 
(98 pc)
2) Cambérène 1,740,498 non-operational non-operational 995 ph
3) Ouakam 2,217,597 4107 ph 
(360 PC)
2549 ph 
(224 pc)
1584 ph 
(139 pc)
4) Hann Bel Air 1,915,677 non-operational non-operational 1095 ph 
(96 pc)
5) Thiaroye 967,751 non-operational non-operational 1063 ph 
(93 pc)
6) Mbao 1,242,639 2876 ph 
(252 pc)
1833 ph 
(161 pc)
1775 ph 
(156 pc)
7) Bargny 1,321,022 non-operational non-operational 2097 ph 
(184 pc)
8) Ngor 639,059 1874 ph 
(164 pc)
1874 ph 
(164 pc)
1014 ph 
(89 pc/
9) Rufisque 972,040 non-operational non-operational 1068 ph 
(94 pc)
10) Cité Ousman Fall 250,346 non-operational non-operational 1192 ph 
(195 pc)
11) Cité SONES 148,497 non-operational non-operational 1061 ph 
(93 pc)
Average 5805 ph 
(509 pc)
4265 ph 
(374 pc)
1236 ph 
(108 pc)
Average (operational 
schemes only)
2891 ph 
(253 pc)
2078 ph 
(182 pc)
Total capital costs are construction costs plus soft costs, as estimated in Table 16 (page 110). Per-household capital costs are 
calculated a) considering only households that have connected their septic tank outflows to the network (see estimates a in 
Table 8, page 76); b) additionally considering households that have a connection to the network, but have not yet 
connected their septic tank to it (see estimates b in Table 8); and c) additionally considering households that could connect 
to the network in future (number of households estimated as original coverage target, see Table 8); thus there is no reason 
to calculate this estimate for operational schemes only. So for example the per-household capital cost (strict current 
estimate) for Yoff is calculated as 2,429,748/898. Per-capita costs are estimated by dividing by the per-househoid estimate 
by average household size (11.4 people; see page 77). These cost estimates do NOT include the costs borne by households 
and/or the commune (see page 68); cost estimates including costs borne by these other actors are summarised in Table 23.
Table 23. Summarised capital cost estimates taking into accounting householder/commune contributions.
Total capital 
cost
(construction 
+ soft) US$"
Per-household (per-capita) capital cost
Strict current 
estimate
Short-term 
potential estimate
Long-term potential 
estimate
Total, project-borne costs 13,844,874
Total, householder-borne costs^ 315,568 
(2.2% of total)
Total, all actors 14,160,442
Average (all 11 schemes), project- 
borne + householder-borne costs
5805+41 = 5846 ph 
(513 pc)
4265+41= 4306 ph 
(378 pc)
1236+41 = 1277 ph 
(112 pc)
Average (operational schemes only) 2891+41 = 2932 ph 
(257 pc)
2078+41 = 2119 ph 
(186 pc)
Total cost estimated on the basis of the ONAS report of total number of households who paid the connection fee ($44); 
depending on district, this was paid by the householder alone or without support from the commune; in Ngor, 
householders only paid $14, with the commune paying the remaining $30. Per-household capital costs calculated as per 
Table 22.
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5 .3 .6 .  Th e  P A Q P U D  e x p e r ie n c e : lesso ns  a r is in g
W hat can the PAQPUD project tell us about the appropriateness of sewerage as a sanitation 
solution for African cities? As noted in Section 4, "sewerage projects are clearly highly 
context-specific, and the success or failure of a particular scheme in a particular district of 
Dakar cannot be generalised in any simple way to other African cities"; thus this research 
has adopted the multi-method approach summarised on page 40. A particular difficulty 
with drawing general conclusions from the PAQPUD project derives from the poor contract 
adjudication and management; the fact that contract management was deficient in this 
particular project tells us little about the appropriateness of this technological solution. At- 
scale sewerage projects almost by definition require large-scale government and/or donor 
financing, and adjudication of large construction contracts; so it might be argued that the 
contract adjudication and management problems seen in the present study should not be 
considered independent of the technology, but rather intrinsic to its practical 
implementation. However, there have certainly been previous sewerage projects in African 
cities that have not shown problems of the sort seen in PAQPUD: 18 of 22 of the IFI- 
financed^ African sewerage projects reviewed in Section 3.2.2 reported satisfactory 
infrastructure completion, and even allowing for a proportion of under-critical evaluations, 
it is certainly perfectly possible for sewerage infrastructure construction to  be managed to  
acceptable quality standards (as in for example the KfW-financed project in the Kenyan 
town of Eldoret, or the recent EU-financed projects in Namibia; see Table 2, page 26). [This 
same difficulty has been discussed in more specific reference to cost-effectiveness 
estimation in Section 5.3.5.3: the cost-effectiveness achieved by the project must be 
assessed taking into account all 11 schemes in which funds were invested, including the 6 
schemes that have not become operational; but a more useful estimate of the likely cost- 
effectiveness of future interventions of similar characteristics is obtained by considering 
only investment and outcomes within the 4 operational schemes.]
So one very clear lesson of the PAQPUD project is the need for well-defined procedures for 
construction contract procurement and management; or indeed for output-based aid (OBA) 
financing models as currently being considered in Nairobi (see Section 5.4.2).
Considering only those 5 locations in which the PAQPUD sewerage system had become 
operational as at 2010 (Cité Ousmann Fall, Mbao, Ngor, Ouakam and Yoff), the following 
conclusions can be drawn:
- Coverage obtained was reasonably high: the estimated proportion of nominal 
beneficiaries who were full beneficiaries (i.e. with both an external connection to a 
functioning sewer, and full in-plot connections from the toilet to the external connection 
point) was 77% in Ngor, 54% in Ouakam and 66% in Mbao.
 ^ IFI = international financial institution, such as the World Bank.
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- However, estimated exclusion of the poorest households in each district (bottom 20%, 
reported per-capita income) was very high in the sewerage districts of Ouakam and Mbao  
(81% in both cases).
- The householder surveys in Ngor, Ouakam and Mbao indicate that self-reported  
satisfaction rates were high among full beneficiaries, ranging from 82% in Mbao to 94% in 
Ngor.
- This research did not involve technical evaluation of system performance, but 
construction quality showed clear deficiencies in all operational districts: poor construction 
quality of inspection chambers and inspection chamber covers is a particular cause for 
concern, as this is likely to  favour sand ingress into the network.
- The householder surveys in Ngor, Ouakam and Mbao indicate that minor blockages 
occurred fairly frequently, but were typically resolved by householders themselves, or by 
plumbers called in by the householder. Of course it is possible that system performance will 
decline in the longer term , especially because of sand ingress into the network and 
accumulation of solids in septic tanks (as is likely to  occur in the absence of proper 
maintenance). However, it is interesting that very few  householders in Ngor (where the  
system has been operational for 2.5 years) reported that they had had to  empty their septic 
tanks over this period: this suggests that solids accumulation was occurring very slowly in 
these sewered tanks, and if this is the case it is certainly an argument in favour of settled 
sewerage, since it means that desludging will be rarely required.
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5 .4 . A d d it io n a l  CASE studies
This section reports tw o brief case studies of ongoing sewerage expansions in tw o African 
cities, Accra (Ghana) and Nairobi (Kenya). These studies focus specifically on pro-poorness. 
Accra is of interest in view of its grossly dysfunctional existing sewerage system, and 
ongoing major investment to  improve that system; as will be discussed, however, there are 
strong indications that this investment is proving neither cost-effective nor pro-poor. 
Nairobi is a different and more promising case: the existing sewerage system functions 
reasonably well, and ongoing investment plans include the explicit goal of service extension 
to  low-income settlements. These tw o short case studies build on the detailed evaluation of 
the Dakar PAQPUD project, and provide grounds for broader inference about the  
appropriateness of sewerage for African cities.
The main questions approached in these tw o case studies are as follows:
•  To what extent, if any, does the existing sewerage system benefit low-income
communities?
•  Do ongoing investment plans include pro-poor service provision of any sort?
•  W hat are institutional attitudes to sanitation in low-income communities, and to
possible sewerage solutions?
•  W hat lessons can be drawn about how to improve the effectiveness and pro­
poorness of ongoing sewerage investments in African cities?
In the specific case of Nairobi, an additional aim was to  assess to what extent, if at all, 
sewering of low-income communities has already begun. Some information was obtained 
about this aspect before the visit, but until visiting and interviewing stakeholders directly, it 
proved very difficult to  get detailed information.
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5 .4 .1 .  A ccra
I briefly visited Accra in November 2009, in order to evaluate the current status of the  
Accra sewerage system, and to assess the ongoing Accra Sewerage Improvement 
Project (ASIP), funded by the African Development Bank (AfDB). The evaluation was 
based on consultation of project documentation and other relevant reports, and on 
interviews with programme managers and other sanitation specialists/ The focus was 
on current and potential pro-poorness, as outlined above.
5.4.1.1.Methods
This section is based primarily on interviews with relevant institutional stakeholders over 
the period 3-13 November 2009. Stakeholder interview methodology was as detailed for 
the Dakar evaluation (see Section 5.3.2.1, page 69). The full list of interviews is shown in 
Appendix I. Interviews and respondents are referenced in the text by a code of the  
following type: IA-2 is Accra Interview number 2, RA-3 is Accra Respondent number 3.
5.4.1.2.Background
A World Bank-funded sewerage system was completed in central Accra in 1973, covering 
1000 ha and including 28.5 km of sewers. In 1997, World Bank expert Albert Wright 
described this system as "a classic example of unaffordable services [for] prospective 
beneficiaries", and states that the system never worked well "because of narrow and 
crooked streets and below-standard housing and plumbing" (Wright 1997). Only 6.5% of 
the target of 2000 household connections was achieved. A UASB w astewater treatm ent 
plant (WWTP) was built to serve this network at Achimota (Jamestown) in 2000; on 
handover to the Accra Muncipal Authority (AMA) the following year, it soon became 
dysfunctional, for reasons including low inflow and poor management. This plant is 
currently not operational. Accra also has diverse other small sewerage systems, nearly all 
dysfunctional: notably systems in the Dansoman area and in the Legon area (university 
campus).
5.4.1.3.ASIP at appraisal
The US $69m Accra Sewerage Improvement Project (ASIP) was approved by the AfDB in 
2005 (AfDB 2005). At appraisal, this project comprised 4 components: 1) construction of a 
lagoon-based WWTP at Densu Delta, with 6000 m Vday capacity and long sea outfall; 2) 
construction of another lagoon-based WWTP at Legon, again with 6000 m Vday capacity
thank the following Accra-based sanitation specialists for very useful and informative interviews, and for generously 
facilitating access to written information: M r Stephen Ackon (Environmental Health Engineer, Accra Metro Sewerage Unit), 
M r Ismael Adams (CNF Ghana), Prof. Esi Awuah (KNUST), Ms Bertha Darteh (Coordinator, Switch ACCRA), M r Michael Kane 
(ASIP Project Manager, AfDB), Ms Henrietta Osei-Tutu (SWiTCH Accra), M r Lukman Sa I if u (Waste Care Associates), and M r 
Frederick Tettey-Lowor (Safi Sana Ghana Ltd.),
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and discharge to the River Onyasia; 3) rehabilitation and extension of the existing sewer 
networks in central Accra (discharging to  the Achimota WWTP), the west Accra area 
(discharging to  the future Densu Delta WWTP), and the north-east Accra area (discharging 
to  the future Legon WWTP); 4) construction of 146 public to ilet blocks and 36 septage 
holding tanks.
5.4.1.4.ASIP current status
Interviews with project managers (RA-1, RA-5) and other sanitation specialists in Ghana 
(RA-3, RA-4) indicated that inflation since appraisal, and possible underestimation of costs, 
had led to  major procurement problems. The international tender for Component 1 (Densu 
Delta plant) received only one bid, judged as over cost as at November 2009, this 
component was at this tim e due to be repackaged (ponds and outfall separately) and put 
out for tender again (RA-5). The international tender for Component 2 (Legon plant) 
received three bids, one of which had been provisionally accepted as at November 2009; 
although 2 -2 .5  times the original estimate, it was subsequently approved (RA-5). The 
international tender for Component 3 (rehabilitation/extension of network) again received 
only one bid, and this was again judged over cost; this tender included design, and as at 
November 2009 it was proposed that the design be done in-house by a consultant, and that 
the construction then be put out to  tender separately (RA-5). The national tender for 
Component 4 (public latrines) has been resolved and consultations have commenced, 
through Accra's sub-metros (local government bodies at the city district level, within the  
AMA), to  identify sites for construction (RA-1, RA-5); however, there are a number of 
problems with this component. Firstly, inflation has meant that the number of public toilets 
envisaged is now down from about 150 to about 100. Secondly, many of these toilets will 
be constructed in areas without severe sanitation problems (e.g. Dansoman). Thirdly, it 
appears that few  of these toilets will be connected to the sewerage system, thus requiring 
manual or tanker emptying. Note also that this component initially included construction of 
septage holding tanks, as required for disposal of sludge/nightsoil from the public toilets on 
which Accra's poorer districts currently depend. However, the AMA has now made manual 
carting of nightsoil illegal, w ithout facilitating any alternative solution. Reportedly, one 
consequence of this is that ASIP can no longer provide septage holding tanks, even though 
at present these are clearly necessary (RA-3, RA-4). In other words, the one component of 
this project that was genuinely of value to  low-income communities (septage holding tanks, 
be they sewered or tanker-em ptied) has been cancelled.
As at November 2009, all aspects of ASIP were reportedly under review, pending the final 
report of an AfDB internal monitoring mission in October 2009 (RA-5); in addition, Ghana's 
national government has changed since appraisal, and some interviewees suggested that 
this might impact on the project. In interviews with project managers (RA-1, RA-5) it was 
clear that diverse aspects of project design remained to be finalised.
Section 5: ADDITIONAL CASE STUDIES
123
In further communications with project managers in June 2 0 1 0 ,1 was not granted access to  
the October 2009 AfDB internal review. However, it was reported that the Legon WWTP 
contract had recently been signed, with construction due to start soon; the public toilet 
contracts had also been signed and construction was likewise due to commence soon 
(email from RA-5, 11 June 2010). The Densu Delta WWTP was on hold pending a 
consultancy study. Component 3 of ASIP (rehabilitation/extension of network) was to be 
repacked into tw o separate components, the first being a detailed technical survey of the 
existing network, the second being rehabilitation and expansion. As further discussed 
below, this internal review does not appear to have substantially responded to any of the 
voices (including AfDB Executive Directors comments at appraisal stage, and comments 
received from local sanitation specialists) questioning whether the project was technically 
viable and adequately pro-poor.
Note that the ASIP project does not include financing for rehabilitation of the central 
Achimota wastewater treatm ent plant with marine outfall close to central Accra. According 
to project managers (RA-1, RA-5), parallel funding for rehabilitation of the Achimota plant is 
likely to be obtained from the World Bank, under the Urban Environmental Sanitation 
Project Phase II. The plant will also be expanded to allow treatm ent of tankered faecal 
sludge, enormous quantities of which are currently dumped onto the beach at the 
notorious "Lavender Hill" site in Korle Gonno.
5.4.I.5.Pro-poorness
Explicit and very serious concerns about the feasibility and pro-poorness of this project 
were raised at appraisal stage in 2005 in the "Questions and Comments by the Executive 
Directors" (Appendix I, AfDB 2005): extracts from these comments are shown in Box 4.
Box 4. Extract from  "Questions and Comments Raised by the Executive Directors" a t the appraisal stage o f  
theAccra Sewerage Improvement Project (ASIP) (Appendix I o f AfDB 2005).
Q3: The proposal does not make reference to a strategy or master plan for dealing w ith 
environmental sanitation in Accra. Policy and planning on sanitation in Ghana is very poor, and 
this function falls between the Ministry of Water Resources, Works and Housing and the 
Ministry of Local Government and Rural Development. The result is that there is very little  
effective policy and planning on sanitation. This proposal lays a lot of emphasis on the 
Environmental Sanitation Policy as guiding the proposal. In-country, this Policy is regarded as 
being very weak, w ith no overlap w ith water supply. Similarly, in terms of urban development, 
there is no strategic planning that is linked to realistic budgets and to budget processes. Does 
this proposal f it w ithin an overall strategy fo r dealing w ith sanitation and solid waste 
management in Accra? If not (and that is our reading), should we not have a strategy or master 
plan before prioritising US$ 50 million of expenditure?
Q4: The proposal itself notes that only 15% of Accra is connected to a mains sewerage system. 
The proposal is to upgrade the capacity of that system and to increase the proportion of the 
population connected to mains sewerage to  50%. It is not clear how people will be encouraged 
to take up mains connections. In any case, how pro-poor is it to  spend $50 million upgrading a 
system that does not serve over 50% of Accra's (poorest) population? M ight the money be
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better focused (have a higher poverty impact) by providing on-site sanitation to those who do 
not have toilets at present? Finally, a piped sewerage system depends on a constant flow  of 
water to function. At present, water supply in most areas of Accra is in term ittent and rationed. 
Does this proposal assume that there will be similar investments in water supply and what 
guarantees are there that this w ill be the case?
Q5:1 would like to reiterate the concerns expressed by AFD on operation and maintenance. 
Accra already has two sewage treatm ent works, at least one of which is not operational. 
Responsibility for sewerage has only recently passed from the water company to the 
municipalities. Given this record, I would question the ability of Accra Metropolitan Authority 
(AMA) to operate and maintain two new sewage treatm ent works and numerous pumping 
stations. I would also question the revenue projections, which are based on a high take-up of 
mains connections. The project foresees the sewerage ta riff being added to the water tariff. 
Has GWCL agreed to continue collecting the sewerage levy as part of the water ta riff (this is a 
difficult issue given the sharp increases in water prices over the last few years)? Furthermore, 
the new private operator of urban water in Ghana would be reluctant to add sewerage tariffs 
onto the water tariff and I am not sure what the regulator's position on this would be.
The Government of Ghana replied to these and other comments with a one-page formal 
letter that did not respond in any meaningful or detailed sense to any of the above 
questions (see Appendix II of AfDB 2005), and the project was subsequently approved. This 
is in line with the author's conversations with AfDB staff (not in Ghana), who have noted 
their frustration with AfDB procedures which mean that the bank has very weak control 
over how money is spent: funds are allocated to the different countries according to pre­
specified formulae, and once this allocation has been made the national government has 
strong control over how the money is spent.
M y own study visit in 2009 certainly confirmed that the project remained without 
substantial pro-poor content:
Will poorer areas be covered? Interviews with project managers confirmed that the project 
as currently envisaged will provide household connections only in institutional/business 
areas and in middle-class and wealthy residential districts. The central Accra network 
discharging to  the Achimota WWTP potentially covers a number of poor and very poor 
areas (including Sabonzongo, Old Fadama, Jamestown, Chorkor and Nima), but there 
currently appear to be no plans to extend the network into these areas.
Will cor)nection of poor households be subsidised? A significant amount of money (US$ 
3.5m , about 5% of the total investment) is set aside within ASIP to provide household 
connections (AfDB 2005), but there currently appears to be no clearly defined strategy 
regarding the way in which this money will be spent: indeed, it seems likely that the money 
will basically subsidise connections in institutional and wealthy residential areas like Legon 
and Dansoman. Previous correspondence with a project manager (email M r Sameh Wassel, 
AfDB Ghana, 15 December 2008) suggested that "the project will pre-finance house 
connections for low-income people, where the installation fees will be recovered on
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instalments and recycled (as a revolving fund) to connect more people". However, 
interviews in Accra in November 2009 did not confirm the existence of any such strategy.
Would coverage o f poor areas be possible? Project managers and other interviewees 
(including RA-2, RA-3, RA-4) suggested that it is difficult to  connect poor areas a) because 
layout is often irregular, b) because in most poor areas few  households currently have 
piped water, c) because poor households cannot afford connection charges, and d) because 
poor households cannot afford sewerage tariffs (in Accra, a 35% surcharge on the w ater 
bill). I disagree with (a): given appropriate design, it is perfectly possible to lay sewerage in 
areas with irregular layout and narrow streets, as observed in Dakar in the current study. As 
regards (b) - (d), one option would be to  start by providing sewered communal/public 
toilets, as detailed below.
So ASIP is clearly not substantially pro-poor: indeed, it appears to  be of almost no benefit to  
poorer communities. Even if network rehabilitation/expansion actually goes ahead (and this 
is not clear as at 2011), most of the areas it sets out to cover (with relatively high incomes, 
large plot sizes, easy truck access, and permeable soils) currently have adequate sanitation 
based on septic tanks; by contrast, the project offers nothing for the poorer high-density 
areas of central Accra, which have very severe sanitation problems (notably districts such as 
Sabonzongo, Jamestown, Chorkor, Nima and Old Fadama).
Given the high population densities and proximity to existing sewer lines, I would argue 
that sewerage is a fully appropriate sanitation solution for low-income communities like 
Jamestown in the high-density central area of Accra. One interesting strategy for provision 
of sewerage services to poorer residential districts of central Accra (where many houses 
currently have neither piped w ater nor toilets) would be to provide sewered 
communal/public toilets, with network dimensioning to  allow for ongoing and future  
connection of individual households. Interestingly, the possibility of sewered 
communal/public toilets was judged favourably by almost all the author's November 2009 
interviewees, ranging from community sanitation specialists to project managers.
5.4.1.6.Conclusions
How then does this case study respond to the main questions posed at the start of Section 
5.4 above?
Firsts to what extent does the existing sewerage system benefit low-income communities? 
Not at all, or in a very limited way: the current Accra sewerage system is dysfunctional and 
does not significantly benefit poor communities or households.
Second, do ongoing investment plans include pro-poor service provision o f any sort? No,
the current sanitation planning fram ework is very weak, and ongoing investment plans 
including ASIP appear to offer little or nothing for poorer communities.
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Third, what are institutional attitudes to sanitation in low-income communities, and to 
possible sewerage solutions? Technical staff in the Sewerage Department of the AMA  
expressed some interest in sanitation in low-income communities, and in possibie sewerage 
solutions; but these staff showed rather low levels of technical and sociological 
understanding of what pro-poor sewerage might look like, and at decision-making levels 
within the Accra municipality and the Ghanaian government, there is little to suggest either 
capacity for or commitment to  sewered (or non-sewered) sanitation solutions for low- 
income com m unities/
W hat lessons can be drawn about how to improve the effectiveness and pro-poorness of 
ongoing sewerage investments in African cities? Practically none: there is little to be learnt 
from this project except negative lessons, i.e. ASIP is a model of how not to  do sewerage. 
Perhaps the most striking conclusion of this study is the apparent lack of ability of the AfDB 
to  ensure that its concessionary loans are spent in a pro-poor manner.
' This contrasts with the situation in Ghana's second city Kumasi, where -despite significant institutional, financial and 
capacity constraints- committed leadership of the relevant department of the municipality means that significant efforts 
are being made to improve sanitation for low-income communities.
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5 .4 .2 .  N a i r o b i
Nairobi is a very interesting and unusual case, in that sewer mains run close to several 
major low-income settlements, and in that there is a formal policy to provide 
sewerage for low-income settlements. I visited Nairobi in June 2011, in order to  
evaluate the current situation regarding sewering of low-income settlements, and in 
particular to carry out a rapid assessment of an operational sewerage system in 
Mukuru settlement in southern Nairobi. This evaluation was based on interviews with 
relevant sector managers in Nairobi, and on a two-day assessment visit to Mukuru 
settlement.^ The focus was on current and potential pro-poorness.
5.4.2.1.Methods
This section is based primarily on interviews with relevant institutional stakeholders over 
the period 23-27 June 2011; in addition, a brief study visit was made to Mukuru settlement, 
in which a low-cost sewerage system has been constructed (Section 5.4.2.4, page 129). 
Stakeholder interview methodology was as detailed for the Dakar evaluation (see Section
5.3.2.1. page 69). The full list of interviews is shown in Appendix I. Interviews and 
respondents are referenced in the text by a code of the following type: IN-1 is Nairobi 
Interview number 1, RN-1 is Nairobi Respondent number 1.
5.4.2.2.Background
Responsibility for sanitation in Nairobi is held by the Nairobi City W ater and Sewerage 
Corporation (NCWSC), which manages assets owned by the regional asset holder Athi 
W ater Services Board. With support from the W ater & Sanitation Program (WSP), NCWSC 
and AWSB have produced a document entitled "Strategic Guidelines for Improving W ater 
and Sanitation Services in Nairobi's Informal Settlements" (NCWSC/AWSB 2009): this 
document explicitly expresses a commitment to serving low-income and informal 
settlements. This commitment is not yet a legal mandate (RN-1, RN-2, RN-3), but this is a 
striking model of formal institutional commitment to sanitation for the poor, associated 
with detailed guidelines on how to achieve this goal. Very unusually in the African context, 
these guidelines indicate responsibility for on-site sanitation: "AWSB and NCWSC commit to  
[sustainable sanitation] by promoting, facilitating, and supporting the increase of basic 
sanitation facilities to informal settlements. This commitment includes developing and 
promoting innovative solutions, including improved individual or communal on-site 
sanitation, which will remain the prevalent mode for some time. It will also include pilot 
efforts to introduce condominial (low-cost) sewerage systems". Subsequent statements in 
the text in fact indicate a stronger and more immediate commitment to sewerage: "NCSWC
' The author thanks the following for very useful and informative interviews, and for generously facilitating access to written 
information: M r Nahason Muguna (Nairobi City W ater and Sewerage Corporation), M r Samuel Mbachia (Athi Water 
Services Board), M r Patrick Mwangi (Water & Sanitation Program, Nairobi), M r Andreas Rohde (World Bank, Nairobi), M r 
Graham Alabaster (UN-Habitat Nairobi).
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sewer improvement and expansion program in the high density informal settlements will 
be prioritised and will be coordinated with the interventions mentioned above. Active 
community participation will be encouraged in order to  ensure local demand and 
community ownership. NCWSC will consistently undertake and support efforts targeted to 
improving sanitation in informal settlements. Off-site sanitation facilities are preferred and 
prioritised, but where not possible due to geographical or other reasons, NCWSC will 
promote on-site solutions".^ This commitment to sewering low-income settlements 
explicitly identifies the option of sewering communal toilets; this is in line with the very 
small habitation sizes in many of Nairobi's informal settlements, where many people live in 
single-room houses in a plot of 5-20 such houses owned by a single landlord; without 
rehousing, in such situations the best possible solution is likely to be a communal toilet 
block serving each plot.
In fact, my interviews of NCWSC staff indicate that the Strategic Guidelines are being 
followed only to some extent: NCWSC is strongly committed to sewering low-income 
settlements, but has little genuine commitment to on-site sanitation or associated faecal 
sludge management (this is particularly clear from interviews with RN-3).
5.4.2.3.0ngoing and planned pro-poor sewerage programmes
The strong NCWSC/AWSB com m itm ent to  sewering low-income settlements is matched by 
substantial donor funding commitments, with one pilot-scale intervention already 
completed (the Mukuru system, detailed below), and several other interventions either 
underway or planned, as follows:
•  M ukuru (completed): This was a small-scale pilot involving construction and
sewering of about 15 communal toilets, funded by the EU, and implemented by 
NCWSC in partnership with the UK-based NGO Practical Action (Peal & Evans 
2010). The toilets w ere constructed in late 2009 and early 2010, and reportedly 
connected to sewers in August 2010. Mukuru is a very low-income settlement in 
southern Nairobi. To the best of the author's knowledge, this is Nairobi's only 
current operational sewerage project in a low-income community.
•  M ukuru AFD (planned): According to AWSB sources (RN-2), an AFD (Agence
Française de Développement) project with a budget of about US $2 million will be 
extending a more extensive sewerage network into parts of Mukuru and nearby 
Lunga Lunga.
 ^This commitment to sewering low-income settlements is paralleled by a unusual commitment to allow disposal of pit latrine 
sludge to sewers, as a faecal sludge management solution; "AWSB and NCWSC will also provide designated disposal points 
along the sewer network". In fact, as further discussed below (Section 5.4.2.S), there is currently some uncertainty about 
real commitment to this solution.
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•  Kibera -  Kambi Muru and Makina (construction nearing completion): This larger-
scale project is currently being implemented by NCWSC in partnership with the  
UK-based not-for-profit W ater & Sanitation for the Urban P o o r/ with funding 
from AusAID (Kambi Muru) and USAID (Makina). Kambi Muru and Makina are 
both "villages" of the Kibera slum (which is divided into 19 villages in total). The 
Kambi Muru project involves sewer extension to serve 16 communal toilets; the  
Makina project sewer extension to  serve about 78 communal toilets.
•  Kibera - Silanga, Laini Saba, Soweto East (construction starting): This sewerage
extension work forms part of the Kibera Development Programme funded by the  
African Development Bank, with design and community liaison support from UN- 
Habitat. As at March 2010 work has commenced, but the author has no 
information on the total budget available for this project: it seems likely that the  
budget is relatively small (RN-2, RN-4).
•  Various non-Kibera settlements (advanced planning stage): The World Bank-
supported W ater and Sewerage Im provement Project (WaSSIP), currently under 
implementation, aims to  extend primary and secondary sewer mains to a number 
of low-income settlements in Nairobi (RN-4, RN-5). Sewerage extension may also 
be supported under the World Bank's Kenya Slums Im provem ent Project (KSIP). 
This is potentially work on a much larger scale than the projects detailed above, 
though conversations with project managers (RN-4, RN-5) suggest that much of 
the WaSSIP project budget has already been allocated to w ater supply 
components, so that additional funds for sewerage are being sought from  KSIP 
and other possible sources. At present, the locations for sewerage extension are 
not firmly decided, but project managers and key partners (notably AWSB; RN-2) 
indicate that intervention districts will probably be Maili Saba, M atopeni and 
Spring Valley, River Bank and Kayole Soweto. These are all low-income districts, 
but with more formalised land ownership and more rectilinear layout than the  
extreme informal settlements of Kibera and Mukuru; indeed several interviewees 
(including RN-5) indicated that WaSSIP is unable to  finance improvements in 
informal settlements. Sewerage networks have been designed fo r all four 
districts, but as noted it is not currently clear w hat budget will be available to 
implement the sewerage component of this work.
5.4.2.4.Mukuru: current status
During my Nairobi visit in late June 2011, I visited Mukuru over a 2-day period, aiming to  
visit as many as possible of the communal toilets constructed under the EU/Practical Action 
project. This system centres around sewered communal toilets, and is an im portant model 
for the ongoing sewerage projects in other low-income districts. A detailed and very useful
 ^W ater & Sanitation for the Urban Poor (WSUP) is the author’s current empioyer.
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evaluation report on the Practical Action intervention was published in 2010 (Peal & Evans 
2010), but this was before the finalisation of the sewer network and sewer connection of 
the toilets; it was therefore of interest to see how this system is working about 10 months 
after sewer finalisation in August 2010. I was able to visit 13 of the 15 toilets constructed 
under the Practical Action project. At each of the toilets visited, I briefly interviewed 
attendants and/or resident users about toilet status and function. Key conclusions are as 
follows.
•  Technically, the sewer connections appear to  be working very well: almost all toilets
seen were very clean and strikingly odour-free; few  respondents reported 
blockages, and these had generally been minor blockages rapidly resolved by the 
users themselves, or by plumbers contracted by the users. Various respondents 
reported that they had rung NCWSC about blockages, but that no-one ever came.
It is now about 11 months since sewer connection of these toilets.
•  In terms of pro-poor targeting, the picture was broadly positive, but with wide
variation and some negative findings. These toilets are owned by landlords, on 
the view that this is an effective way of ensuring sustainable maintenance. In 
some cases this model is working very well: tenants have 24-hour access to  a 
clean toilet, and rent has been raised only a modest amount to cover the costs of 
this service. In other cases, the landlord operates the toilets in a clearly abusive 
manner. In the most extreme case, rents had been increased by 40%, driving half 
of the tenants out; the landlord now runs the two-seater to ilet as a very 
profitable pay-per-use business, with up to  100 defecation visits per day from  
passers-by (cf. only 6 tenant families), and no attendant employed, so that the 
tenants have to  clean the toilets themselves. Other toilets appeared to be in use 
only by the landlord. So in ongoing development of the landlord ownership model 
in future projects, it is essential to develop strategies that avoid these abusive 
situations.
•  Landlord contribution to  capital costs appears to  have been minimal. This is in direct 
contradiction of the Practical Action report, which indicates that beneficiaries 
contributed 12.5% of the construction cost of 160,000 Kenya shillings. In fact this 
appears to have been the plan rather than the reality, and in most cases 
interviews indicated that the landlord contributed nothing to  the construction 
cost (except in a few  cases the galvanised iron roofing sheets).
These findings are most directly relevant to ongoing development of investment and 
management models for sewered communal toilets. As regards relevance for sewerage per 
se, the following conclusions can be noted. First, users are very happy with the toilets, 
which were in most cases very clean and strikingly odour-free. Second, the system appears 
to  be working well, with infrequent blockages that are readily resolved. Third, and despite
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NCWSC s daims to have ample capacity for sewerage system maintenance, conversations 
with system users indicate that, to  date, NCWSC has rarely if ever responded to  requests to  
resolve system blockages: this casts doubt on the utility's capacity for O & M , which is 
certainly a significant concern given the plans for massive extension of the sewerage 
network.
5.4.2.5.Can sfewerage be a solution for low-income settlements in Nairobi?
It is early yet to assess whether Nairobi's low-income settlements can be effectively and 
extensively sewered. Certainly there is now very substantial donor funding being dedicated 
to  sewerage of low-income communities, to the extent that Nairobi can be a considered an 
incipient experimental test of whether it is feasible to sewer low-income settlements. A 
number of questions remain unanswered:
•  The sewerage programmes to date have been small-scale and, while promising, it 
remains to be seen whether real scale-up can be achieved. As noted, the World  
Bank WaSSIP project plans to  put sewerage networks into at least 3 large 
districts, but project managers indicate that the project's budget has already 
been allocated to w ater supply, so that it is not clear w hether additional funds 
will be available for sewerage.
• The sewerage programmes to date (i.e. those supported by Practical Action and 
WSUP) have not achieved "total urban sanitation" within the areas of 
intervention: in other words, percentage coverage within the intervention area 
remains low, and local sources of faecal contamination (poor-quality latrines, foul 
open drains, pit sludge emptying) remain widespread. As will be discussed in 
Section 6, I consider that high levels of within-district coverage are probably 
essential for achieving strong health impacts. But high levels o f coverage are not 
currently being achieved in Nairobi, for reasons probably including a) pressure 
from donors to maximise the absolute numbers of toilets and connections, rather 
than percentage coverage; b) short project time-scales that do not favour 
achievement of high levels of coverage; c) the goal of maximising leverage of 
householder funds and minimising subsidy of household connections; and d) a 
view expressed by actors in various institutions including the W orld Bank and 
NCWSC, that "our role is to ensure the networks are constructed... making sure 
that people actually connect to the network is somebody else's problem". In fact 
conversations with various actors (including managers at the W orld Bank and 
NCWSC) indicated awareness of the "connections problem" (see page 27), but 
limited willingness to  adopt strategies to  avoid this problem.
There is some concern about the capacity and willingness of NCWSC to properly 
maintain sewerage systems in low-income communities. On the one hand, my
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rapid assessment of the Mukuru project indicates that NCWSC have not generally 
responded to maintenance requests from system users. On the other hand, users 
have generally been willing and able to resolve minor problems themselves. In 
addition, NCWSC indicate that a small but significant restructuring is taking place 
within the Operations and Maintenance Department, with creation of specific 
"low-income settlem ent units" within each of Nairobi's regions, each with specific 
responsibility for maintenance operations in low-income settlements.
•  NCWSC's capacity to maintain sewer networks is of course linked to  revenues and 
budget allocations for sewerage system maintenance. Currently in Nairobi, 
sewer-connected households pay 75% of the w ater bill for sewerage (so a water 
bill of 10,000 Kenya shillings becomes 17,500 Kenya shillings); however, 
communal toilets pay for w ater at the w ater kiosk rate, w ithout any sewerage 
surcharge at present, so sewerage for low-income settlements is at present cross­
subsidised.
Schaub-Jones (2010) has pointed out that the donor-supported NCWSC/AWSB strategy is 
not w ithout risk: " if NCWSC and AWSB are not able - fo r  financial, technical or community- 
related reasons- to extend [sewerage networks to] slums, a large problem develops", i.e. no 
solution will have been put in place for management of faecal sludge from on-site 
sanitation facilities (i.e. for faecal sludge management, FSM).
Nairobi provides a very interesting model of an FSM planning solution integrated with 
sewerage planning. The Strategic Guidelines cited above (NCWSC/AWSB 2009) explicitly 
recognise the responsibility of NCWSC and AWSB for FSM, and explicitly point to  an 
integrated FSM/sewerage solution, namely disposal of sludge to the sewer network: "AWSB 
and NCWSC will work with latrine emptying and sludge removal operators to introduce 
basic health standards, improve their equipment, and control choice o f site disposal. AWSB 
and NCWSC will also provide designated disposal points along the sewer network. [...] 
NCWSC will seek to be flexible and innovative with the objective to lead citywide practices 
and standards". In line with this stated policy, the WSUP-supported programme in Kambi 
Muru (see above) is applying a novel solution: public toilets are being built with large 
sewered septic tanks designed to  double as holding tanks for locally collected pit sludge. 
Specifically, the idea is that the pit sludge will mix with, and be diluted by, liquid from the 
toilets, showers and laundry. As at June 2011, managers at NCWSC (including RN-3) are 
indicated that they were not prepared to  authorise the sewer connection, reportedly for 
fear of blockages caused by large solids (e.g. plastic bags, sanitary towels, dead chickens) in 
pit sludge. This is despite the Strategic Guidelines commitment to  being "flexible and 
innovative", and despite various design features to overcome this problem (e.g. screening 
when tipping to  tank; tw o chambers with baffles; screen at outflow; etc.). [As at June 2012, 
this reluctance has been ovrecome, and the tanks are connected to  the sewer.]
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6. Inference a n d  r ec o m m en d a tio n s
This section covers broad inference and recommendations relating to the central questions 
posed by this thesis (see Section 2, page 17): specific conclusions relating to the individual 
study components are included in Section 5. In particular, specific conclusions relating to the 
evaluation o f the PAQPUD settled sewerage project in Dakar are covered in Section 5.3.6. 
This section, in aiming to respond to the wider questions posed in this research, draws not 
only on the results reported in Section 5, but also on other researchers' findings and on 
theoretical considerations.
6 .1 .  D oes  s e w e r a g e  h a v e  a  s u b s t a n t ia l  im p a c t  o n  h e a l t h ?
A central question in evaluating the appropriateness of sewerage for low-income 
communities in African cities is health impact: if the health benefits of a well-functioning  
sewerage system are basically similar to those of a well-functioning non-sewered sanitation 
system, then sewerage is unlikely to be the appropriate choice, since it will invariably have 
higher capital cost and is inherently less flexible in response to future changes. By contrast, 
if sewerage has substantially greater health benefits than non-sewered systems, then it 
becomes important to  take it into account as a possible solution.
This research has included a meta-analysis of the health impacts of urban sewerage 
programmes. This analysis found that sewerage interventions have indeed tended to  have a 
substantial positive impact on enteric diseases. However, it should be stressed that 
assessment of the health impacts of major social/infrastructure interventions is plagued 
with methodological difficulties, so that the findings of this meta-analysis can only be 
considered indicative, in no sense definitive.^ As stated in Section 5.2.3, though, "this is a 
biologically plausible finding: i.e. we would expect health benefits from  an urban sanitation 
system that pipes faecal wastes out of the populated area, as long as that system is 
functioning reasonably well". Note that the meta-analysis can be considered a comparison 
of sewerage with non-sewered solutions: most studies included compared sewerage with  
situations in which most households had flush toilets discharging either to septic tanks or 
open drains. That the pooled effect can be considered an estimate of the effect of replacing 
non-sewered with sewered systems is further supported by the subgroup analyses and 
dose-response patterns detailed in Section 5.2.3. Thus the pooled effect estimate is an 
approximate estimate of the likely effect of sewerage in typical intervention contexts in 
low-middle- and middle-income countries: but certainly, where the existing sanitation 
situation is very poor we can expect a stronger effect (e.g. where there is widespread
Epidemiologist W olf Schmidt and I have recently developed study design recommendations (based around "before-after 
with concurrent control" designs) for improved assessment of the health impact of major urban sanitation interventions 
including sewerage. In particular, we discuss ways of implementing rigorous health impact evaluations at reasonably low 
cost. W e argue for more frequent evaluation of the health impacts of urban sanitation interventions, not primarily to  
demonstrate that a health impact can be achieved (it clearly can), but as a way of forcing implementing agencies to "focus 
their minds" on genuinely achieving health impact, as opposed to questionable proxy indicators of intervention success 
(Schmidt, Gumming & Norman 2011). This design will be used in a health impact evaluation starting soon in Maputo.
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reliance on open defecation, or on insanitary household or public latrines, or where there 
are many flush toilets discharging directly to the local environment); where on-site 
sanitation is functioning well, we might expect a weaker effect.
I have not attem pted any health impact evaluation of the PAQPUD sewerage scheme in 
Dakar: however, as noted in Section 5.3.3.5, there are strong grounds for suspecting that in 
some districts the health impact of this project was small or even negative, because of 
system malfunction and poor sewage disposal leading to faecal contamination of the local 
environment. Thus although my meta-analysis suggests that sewerage interventions in the  
past have tended to have a positive health impact, it is clearly the case that poor system 
construction or system malfunction will reduce or even reverse that health impact. Equally, 
and as further explored in Section 6.2.2.8, it is important to consider health impacts outside 
of the sewered area ("at the end of the pipe"), particularly where raw or partially treated  
sewage is disposed of to rivers or lakes used for drinking w ater abstraction.
In view of the above, there can be no black-and-white evidence-based answer to the 
question of whether sewerage interventions have strong health benefits: certainly we can 
expect sewerage interventions to  have such impact, but only if certain conditions are met. 
Specifically, we can expect strong health impacts if and only if a) the sewerage system is 
well designed, well constructed and well maintained; b) the faecal waste collected by the 
system is dealt with in such a way that it does not constitute a significant health risk for 
other communities "at the end of the pipe"; c) the sewerage system has a strong impact on 
faecal contamination levels throughout the  sewered district (as a result of high connection 
rates, and possibly use for latrine sludge disposal; see Section 6.3.1); and d) the  
intervention location has high current disease burdens related to poor sanitation. It seems 
likely that conditions (c) and (d) will most commonly be met in high-density low-income 
districts with poorly functioning onsite sanitation systems; in other situations, and 
particularly in lower-density habitats with good substrate permeability, we can expect that 
a well-designed and well-implemented non-networked system^ could have health benefits 
as strong as those of a sewerage system. It must be stressed, however, that these 
conclusions -particularly that the health impact of sewerage will be highest in high-density 
districts with widespread faecal contamination, and that strong impact will be dependent 
on high levels of coverage- are based largely on theoretical reasoning, with only partial 
support from the existing empirical evidence base. This is not to  lessen the value of these 
conclusions: rather, it is a recognition that pure evidence-based decision-making is not 
possible in this context.
In view of the above, we can reasonably expect sewerage to  have strong health impacts if 
the context is right and if the implementation is good. The following sections explore these 
requirements in depth.
 ^We can conceive of non-networked systems which, like sewerage, are centrally managed public services; for example, a 
munlclpally-led system with strong regulatory control to ensure minimum toilet standards, coupled with a publicly 
subsidised desludging service
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6 .2 .  W h e n  c a n  s e w e r a g e  be a p p r o p r ia t e  for  A f r ic a n  c it ie s ?
6 . 2 . 1 .  D e f in in g  a p p r o p r ia  t e n  ess
To assess the circumstances under which sewerage can be an appropriate solution in 
African cities, it is first necessary to define "appropriate". In Section 2, I suggested that a 
given sanitation solution can be considered appropriate if it is cost-effective, financeable, 
pro-poor and sustainable: but this was a brief starting definition, developed in the early 
stages of this research, and it is now necessary to unpack this concept more carefully. In 
this section I will propose a more detailed criterion set for assessing the appropriateness of 
sewerage: but first, I will summarise some alternative approaches that might be used (cost- 
benefit analysis; decision trees as per Mara 1996a; scoring systems as per Reed 1996).
In considering how to invest public funds (w hether national tax-derived funds, or 
international donor transfers)^ to  improve urban sanitation in a given African city, w e could 
in theory carry out a comprehensive cost-benefit analysis to compare the projected 
lifecycle cost-benefit ratios of a number of alternative solutions, including one or more 
sewerage solutions. In practice, meaningful cost-benefit analysis is probably impossible in 
the present context, because of the enormous difficulties of accurately projecting the full 
lifecycle financial costs, monetised benefits and monetised negative impacts of a large and 
complex sanitation improvement programme (indeed, of several possible alternative 
programmes); even historical assessment of this data (as opposed to  projection) is 
enormously difficult. This view is in line with w ider concerns expressed by economists 
about the utility of cost-benefit analysis in public investment planning (see Box 5 below). I 
suggest that decisions on whether to  adopt sewerage in any given context must necessarily 
be based on expert assessment against a series of quantitative and qualitative decision 
criteria, because meaningful estimation of a single quantitative cost-benefit value is not 
possible. Nonetheless, and despite the questionable utility of CBA as a practical planning 
tool, expressing appropriateness in terms of a cost-benefit model is certainly heuristically 
useful, to help identify and relate the different components of appropriateness.
 ^Household finance and private-sector finance are clearly also relevant in improving urban sanitation: however, in deciding 
whether sewerage is appropriate in any given context, we will Invariably be considering a public investment (government or 
international donor), and treating other sources of finance as something to be leveraged (subject to equitability 
constraints), rather than as part of the investment for the purposes of cost-benefit analysis.
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Box 5. A possible m odelling fra m e w o rk  fo r  cost-benefit analysis o f  u rban san ita tion  investm ent decisions by 
public bodies (governm ents a n d /o r  in te rn a tio n a l donors).
Cost-Benefit Ratio = Net Lifecycle Social Benefit of Intervention ($) /  Total Lifecycle Cost of 
Intervention ($)
where
Net Lifecycle Social Benefit = [Failure Risk Factor * Total Benefits] - [Total Negative Impacts]
where
Failure Risk Factor = (the reciprocal of) the risk of full or partial loss of investment benefits as a 
result of current systemic weaknesses (including risk of poor implementation management, or 
risk of poor long-term operation and maintenance) and/or of future contextual change 
(including political unrest or decline leading to reduced institutional capacity; energy price 
increases; impacts of climate change such as increased flooding or reduced water resources). 
The overall failure risk is the sum of a series of component risks. Each component risk is the 
product of the probability of the negative event in question, and the magnitude o f that 
event's negative impact. The Failure Risk Factor can range from 0% (the system will certainly 
fail completely) to 100% (the system is certain not to  fail).
and
Total Benefits = [health benefits + quality-of-life (QOL) benefits + productivity benefits 
positive environmental impacts]; all monetised.
+
and
Total Negative Impacts = [negative health impacts + neg QOL impacts + neg productivity 
impacts + neg environmental impacts]; all monetised
This model is o f course one o f many possible simplifications o f a very complex reality: as just 
one example, we m ight equally apply a risk factor in predicting the negative impacts. In any 
case, the model is here not presented as a basis fo r  quantitative calculation, but rather to help 
fram e the discussion o f appropriateness, illustrating ways in which the various components o f 
appropriateness detailed in Section 6.2.2 m ight be treated in a fo rm al analysis, or in some 
cases treated as constraints external to the model.
Box 6. C ost-benefit analysis as a decision-m aking tool?
Hutton et al. (2009) state that “financial and economic analyses -  by comparing the costs and 
benefits o f different sanitation options -  enable decision makers to allocate lim ited resources 
more efficiently". But even if we were able to estimate w ith reasonable accuracy the capital 
and life-cycle costs of d ifferent candidate sanitation solutions in a given type of context, it only 
makes sense to use these estimates for decision-making if we have grounds for supposing that 
the benefits arising from the different solutions are similar. This is critical in the case of urban 
sanitation: investing in low-cost on-site solutions will often have lower lifecycle cost than 
investing in sewerage, but may not necessarily lead to any substantial improvement in child
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health (see Section 6.1). This difficulty can in theory be dealt w ith by attempting to  quantify 
and monetise benefits, as a basis for cost-benefit analysis (CBA), But estimation of the benefits 
of improved sanitation is just as fraught with difficulties as estimation of the costs. These 
difficulties are very substantial even in estimation of the cost-benefit relation of a particular 
intervention in a particular time and place; obviously, they are likely to  be multiplied greatly if 
we attem pt to derive geographically generalisable cost-benefit ratios for d ifferent sanitation 
solutions. In fact it has been argued that the whole concept o f cost-benefit analysis (CBA) is of 
questionable value as a planning tool. Detailed discussion of this issue is beyond the scope of 
this thesis, and I am not suggesting that CBA is entirely w ithout value. However, there is 
considerable scepticism in the economics literature about the fundamental utility and worth of 
cost-benefit analysis: in a much-cited paper, Adler & Posner (1999) state that "The reputation 
o f cost-benefit analysis ("CBA") among American academics has never been as poor as it  is 
today, while its popularity among agencies in the United States government has never been 
greater. Many law professors, economists, and philosophers [...] believe tha t it  does not 
produce morally relevant information and should not be used in project evaluation. [...] Modern 
textbooks on CBA are plentiful, and many o f them are optimistic about the usefulness o f the 
procedure, but most o f  them frankly acknowledge its serious fiaws and the inadequacy o f the 
standard methods fo r  correcting these flaw s".
Moving on from cost-benefit analysis, an alternative and more pragmatic approach for 
identifying whether sewerage is an appropriate solution in any given context is a decision 
algorithm designed for working through relevant questions in a structured manner. One 
such algorithm is that of Mara (1996a, pages 196-197), designed as an aid for selecting 
appropriate sanitation technologies (including low-cost sewerage) in low-income contexts: 
see Figure 42 below. Mara's algorithm focuses basically on technical criteria (ease of 
excavation, substrate permeability, etc.). In practice it often leads to a requirem ent for 
information external to the algorithm, by leaving the outcome dependent on relative costs. 
Nonetheless, it is clearly a useful décision-support tool. Mara himself notes that such 
algorithms are just an aid to planning, and do not replace location-specific appraisal based 
on technical judgement and community involvement.
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Figure 42. Sanitation tecnology selection algorithm from M ara (1996a, pages 196-197). [a: to <1 m. b: to within 0.5 m. c: 
decide between single pits and alternating pits.] Though o f great interest and value overall, beware o f over-literal 
interpretation: fo r example, starting from  "In-house water supplies" and a YES response to "Are septic tanks and soakaways 
already in use?", it is not possible to arrive at "Septic tanks and soakaways" as a solution, though clearly this may be a viable 
solution given sufficient soil permeability and other conditions (including affordability fo r householder and acceptable 
desludging options). Furthermore, some more fundamental aspects o f the decision process are In my view questionable: fo r  
example, that settled sewerage cannot be selected fo r  districts with yard water supplies. Similarly, there is no apparent 
consideration o f the possibility o f sewered communal or public toilets.
Another previous attem pt to identify criteria for assessing when sewerage can be 
appropriate is that of Reed (1996). I judge Reed's approach to be very useful, though he is 
in fact setting out to answer a somewhat different question to that being considered here. 
Specifically, he starts from the assumption that sewerage will be eventually desirable in 
diverse locations within a given context (e.g. a country), but that resources will be 
insufficient to achieve this optimal coverage, such that the problem becomes one of 
prioritisation: i.e. identifying those communities/districts to be prioritised for sewerage. He 
identifies a total of 11 criteria for this prioritisation:
1) Projected total population served: the higher the population of the area to be served,
the more sewerage should be prioritised.
2) Population density: the higher the population density, the more cost-effective
sewerage becomes.
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3) Failure ofon-slte sanitation systems: if on-site sanitation systems are failing, sewerage
should be prioritised.
4) Industrial pollution: in an areas of significant industrial pollution, a sewerage system
can "kill tw o birds with one stone" by reducing industrial pollution of w ater sources.
5) Per-household capital cost: the lower the per-household capital cost, the more
sewerage should be prioritised.
6) Tourism impact: if sewerage can be expected to favour tourism revenues, this is a
factor that should be taken into account.
7) N et environmental impact: the greater the (net) positive environmental impact, the
more sewerage should be prioritised.
8) User willingness and ability to pay: the higher the ability and willingness to pay of the
intended beneficiaries, the more sewerage should be prioritised.
9) Economy o f scale considerations: if nearby districts can be grouped, this will make
sewerage more cost-effective.
10) Institutional capacity: the stronger the capacity of relevant local institutions, the more
sewerage should be prioritised.
11) Heaith benefits: the stronger the projected health benefits, the more strongly
sewerage should be prioritised.
Reed then provides a rating procedure under which each candidate district is given a score 
on each of the above criteria; each criterion is also assigned a weighting that reflects the  
relative importance of that criterion; thus the sum of the (score x weighting) for each of the  
11 criteria gives a total score for each district, and allows ranking of the districts by priority 
for sewerage investment. Reed recognises that the requirem ent for weighting can 
introduce substantial subjectivity, and suggests a) that weightings be based on a process of 
expert discussion and stakeholder consultation, and b) that simple sensitivity analyses 
should then be performed to  assess sensitivity of outcomes to  variations in weightings.
I do not know whether Reed's approach has actually been applied in practice, but it is 
certainly of great interest. The difficulty of weighting is significant, but unavoidable and 
probably surmountable if approached as suggested, using defined procedures for 
developing weightings, and applying sensitivity analyses. Nonetheless, I consider the  
approach to  have some drawbacks. Firstly, it includes some rather anecdotal and 
questionable considerations (tourism benefit? use for industrial waste?). Secondly, Reed 
suggests that health benefits should typically be assumed similar for different locations 
(though this is more a problem with Reed's proposed scoring than with the approach per 
se). Thirdly and most importantly, the approach treats all criteria as continuous variables 
that can be summed to give a single prioritisation score, but this is questionable: some 
criteria may be determ inant, and others secondary. In particular, my findings from  Dakar 
indicate that many of the districts selected for sewerage were inappropriate in that there  
was no health need, because septic tanks are functioninhg perfectly well; by contrast, 
sewerage has not been implemented in districts like Guinaw Rail Nord in Dakar, or 
Jamestown in Accra, in which on-site sanitation is clearly functioning very badly, leading to
6.2: When can sewerage be appropriate?
140
severe faecal contamination of the local environment. This type of consideration could be 
dealt with in a scoring approach like Reed's by giving very high weightings to priority 
variables like health impact: however, a better approach may be to identify these priority 
variables and treat them as yes/no determinants before moving on to other variables. In 
other words, the order in which criteria are considered is important.
I will return to this discussion in Section 6.2.3, but before that, I here propose my own 
understanding of the relevant criteria for determining the appropriateness of sewerage in 
any given context. Specifically, I will here define appropriateness as comprising 10 
dimensions or criteria:
1) Health need: Will sewerage lead to  significant health benefit over that achievable by
improving on-site sanitation?
2) Pro-poorness: Can sewerage genuinely serve the poorest members of the community?
3) Technical feasibility: Is sewerage a feasible option in view of factors like topography
and substrate hardness?
4) Soclo-legal feasibility: Is sewerage a feasible option in view of factors like rational land-
use planning?
5) implementation reliability: Is the institutional and business context adequate for large-
scale construction projects?
6) O & M  sustainability: Is the institutional context and system design adequate to ensure
system maintainability?
7) Social acceptability: Is the sewerage option (including cost implications) attractive to
people in the community?
8) Environmental acceptability: Is sewerage an acceptable solution in terms of likely
environmental impacts?
9) Resilience to fu ture change: Is sewerage an acceptable solution in terms of resilience to
future change?
10) Cost-effective ness and financeabiiity: Is sewerage the most cost-effective solution,
and is capital available?
The section that follows (6.2.2) discusses sewerage solutions in relation to  each of these 
specific dimensions of appropriateness: what evidence is available from the current and 
previous research to assess whether sewerage can be appropriate in terms of each 
dimension? Section 6.2.3 will draw this discussion together to  present overall conclusions 
regarding the appropriateness of sewerage for African cities. Section 6.2.3 will also clarify 
the logic behind the above ordering of the 10 criteria.
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6.2.2. A s s e s s m e n t  a g a i n s t  s p e c if ic  d i m e n s i o n s  o f  a p p r o p r ia t e n e s s
6.2.2.1. Health need
In any given context, will sewerage achieve significant health impact over and above that 
achievable by improved on-site sanitation? This has been discussed in Section 6.2.1 above: 
as noted, sewerage can be expected to lead to substantial health benefit in densely 
populated districts which cannot be adequately served by leaching-based on-site sanitation 
systems. Strong health benefits can be expected especially in dense slum communities with 
severely dysfunctional current sanitation (e.g. latrines and septic tanks draining directly to 
open drains; regular flooding and overflow of latrines and septic tanks). Nonetheless, these 
benefits are entirely dependent on proper sewerage system design and function, including 
high coverage rates. [As noted in Section 6.1, these conclusions are based partly on the 
existing empirical evidence base, but also -necessarily- on theoretical reasoning.]
6.2.2.2. Pro-poorness
Is sewerage a sanitation solution that can genuinely serve the poorest members of the 
poorest communities in African cities? The PAQPUD project is of great interest here, as the 
first major programme to introduce a "low-cost" sewerage technology within low-income 
communities of an African city; likewise very interesting here is the ongoing experience in 
Nairobi, where medium-scale slum sewerage projects have already been implemented, and 
more large-scale investments are planned.
My analysis of the pro-poorness of the PAQPUD project (see Section 5.3.4) suggests a mixed 
verdict. On the positive side, the project was radically pro-poor in concept, aiming to  
construct sewerage in low-income non-central communities only: in this sense it was an 
innovative and inspiring model for other African cities. Furthermore, coverage rates within 
the operational schemes, though far from 100%, were much higher than in most previous 
African sewerage projects, so that the operational schemes were clearly of general benefit 
to the low-income communities served. But it is also true that the project as a whole failed 
dramatically, with only 5 of 11 schemes becoming operational: we might suspect that this 
failure rate would not have arisen if the affected communities were middle-class or wealthy 
communities with greater influencing capacity, and certainly the non-operational schemes 
included the poorest and most peripheral districts (Mann, Rufisque, Bargny), while within  
one of the operational schemes (Mbao), there was clear evidence of middle-class capture 
of a disproportionate part of the benefit. Furthermore, even the operational schemes did 
not achieve good coverage of the poorest 20% of households within each community.
In the PAQPUD analysis it is therefore difficult to disentangle overall project effectiveness 
from project pro-poorness, and equally to disentangle the pro-poorness achieved by this 
project from the potential pro-poorness of sewerage as a technical solution. Certainly, if 
this project had been effectively implemented, it would clearly have been pro-poor.
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In the case of Nairobi, it remains early to assess the outcomes of the slum sewerage 
projects implemented to  date: a brief visit to  the Mukuru project suggests that this system 
is functioning reasonably well, though with some problems particularly related to  landlord 
usurpation of communal toilets constructed for tenant use; I do not yet have detailed 
survey-based evaluation data on the recently completed sewerage extensions in Kambi 
Muru and Makina,^ though certainly these extensions are completed and operational (see 
Section S.4.2.3). These interventions are clearly serving very-low-income communities. 
Both projects are novel in that they have involved construction and sewer connection of 
communal toilets (used by a small defined group of households, and typically not-pay-per- 
use) or public toilets (open to  all users, and typically pay-per-use): this is a very interesting 
approach for overcoming the low ability and willingness of poor households to pay for 
household sewerage connections, and offers a "way in" that provides service immediately 
without requiring high-cost individual collections, but allowing for such connections 
gradually over time. The Kambi M uru/M akina project is also of great interest in that the  
large sewered septic tanks of public toilets are also designed for deposition of latrine 
sludge: again, this appears to  be a very rational stepwise approach to slum sanitation. 
[These approaches and other technical approaches by which sewerage interventions can be 
better designed for low-income communities are discussed further in Section 6.3.1.]
To conclude this section: there can be no doubt that, with proper design and management, 
sewerage can effectively m eet the sanitation needs of poor communities, including the 
poorest households. However, pro-poor sewerage programmes need to  pay very careful 
attention to a series of common pitfalls: this will be discussed in Section 6.3.1. 
Furthermore, the fact that sewerage can be pro-poor does not necessarily mean that it is 
the most cost-effective solution: in many situations (most notably lower-density 
settlements in which leaching-based sanitation systems can work effectively) sewerage will 
not be the most appropriate solution.
6.2.2.3. Technical feasibility
Sewerage involves digging trenches to  place pipes below the ground, laying these pipes so 
that sewage flow along them  is assisted by gravity, and where necessary introducing 
pumping stations to  move sewage up-slope. Thus a number of terrain factors affect the 
feasibility of sewerage. The present research has not involved any analyis of these technical 
factors, and here my conclusions draw heavily on the work of previous authors; however, 
my observations in Dakar and elsewhere allow some useful additional commentary, 
detailed in Box 6 below.
 ^The Kambi M uru/Makina project has been implemented by the candidate's current employer. W ater & Sanitation for the  
Urban Poor (WSUP).
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Box 6. Technical factors affecting the feasib ility  o f sewerage.
la ) Presence of rock near the ground surface: If rock is present near the ground surface, or if 
trenching is difficult fo r other reasons, laying sewers will be more expensive. The decision 
algorithm developed by Mara (1996b) (see Figure 42, page 138 above) includes presence of 
rock as a factor, but ultimately indicates that the decision needs to be made on the basis of 
relative costs. Loetscher & Keller's (1999) empirical equation fo r estimation of the costs of 
sewerage includes a correction factor of 1.6 " if excavation impediments [are present], e.g. [the 
ground is] > 25% rock". It is also worth noting here that construction difficulties can arise 
because the substrate is soft: in the Hann dustrict of Dakar, construction of a pumping station 
and secondary sewers was reportedly severely delayed and increased in cost because o f the 
wet sandy soil. See also related factors lb  and Ic.
lb ) Soil impermeability: If the soil is impermeable, on-site sanitation solutions based on the 
leaching of liquid components (i.e. latrines and septic tanks) will not function effectively, 
favouring sewerage or other solutions not requiring leaching (including dry-composting toilets, 
and sealed vault/container toilets requiring frequent emptying). Soil impermeability may be a 
result of rocky substrates, and (particularly in low-lying areas) will often be associated w ith high 
water table and flooding. See also related factors la  and Ic.
Ic) Water table near the ground surface and/or regular flooding: If the water table is near the 
surface, and/or there is regular flooding, on-site sanitation solutions based on the leaching of 
liquid components will likewise not function effectively, and flooding of pit contents is likely to 
create a health hazard. This w ill again favour sewerage or other solutions which do not require 
leaching and which are resilient to  flooding. Here, though, it is worth noting a observation from 
a sanitation engineer in Dakar, who pointed out that sewering flood-prone and high-water- 
table districts of the Dakar conurbation would require very high standards of sewer 
construction (to minimise water ingress into the system); otherwise sewer systems would 
simply become de facto  drainage networks incurring enormous pumping costs. See also related 
factors la  and lb .
2) Water supply: Related to the preceding factors is existing water supply. Sewerage is most 
likely to  be judged appropriate in districts in which most households already have a household- 
level connection. Indeed, several respondents in my expert opinion survey (Section 5.1) 
suggested that greywater production (greatly increased when people get a household 
connection) is the key determinant of whether or not sewerage is the appropriate solution. 
Nonetheless, it is important to  note that household connections are not a prerequisite fo r 
sewerage: for example, communal or public toilets may be sewered, and low-flush-volume 
settled sewerage systems may be feasible in situations w ith yard/compound water supply 
rather than household-level supply. Settled sewerage, w ith no strong requirement fo r self- 
cleansing flows, is also much more resilient to discontinuities in water supply: by contrast 
solids-transporting sewerage systems, including low-cost systems often w ith narrower pipes 
and shallower gradients, are strongly dependent on good flushing flows fo r effective function. 
In my Dakar evaluations, and despite discontinuities in water supply as expected in an African 
city, many sewerage system users stored water in plastic containers for anal cleansing and 
to ile t flushing, and very few reported that lack of flushing water was a concern.
3) Anal cleansing materials: The use of water for anal cleansing can be considered to 
somewhat favour sewerage: communities in which water is used for anal cleansing will often 
tend to prefer pour-flush toilets, and the risk of local system blockages is lower than when
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solids are used for anal cleansing. Settled sewerage systems are less sensitive to blockage by 
anal cleansing solids (commonly newspaper).
4) Topography: Sewerage is clearly favoured in districts at higher altitude than the eventual 
treatment/discharge location, so that sewage flow  is gravity-assisted. By contrast, pumping will 
be required in flat locations, or to cross rises and falls in the profile. Butler & Davies (2004) 
stress that gravity systems corresponding to natural drainage basins are strongly preferable, 
not just to avoid pumping costs but also to simplify maintenance; however, this may imply 
higher capital costs (because of the need to dig deeper to maintain sewer gradients), and may 
not always be possible, fo r example because it is not cost-effective to construct separate 
treatment facilities for each natural sub-catchment. Assessment of the full cost implications of 
pumping requires preliminary network design studies: I am not aware of any general fomula or 
approach for approximate estimation of pumping station capital and operating costs in relation 
to topographic variables. Loetscher & Keller (1999) do not include any consideration of 
topography-related pumping costs in their empirical equation for estimation of the costs of 
sewerage.
5) Population density: Population density is a well-known determinant of the cost- 
effectiveness of sewerage. In my expert opinion survey (Section 5.1), 59% of respondents 
agreed with the statement "In settlements w ith high population density, low-cost sewerage 
may be cheaper per capita than on-site solutions", versus only 5% who disagreed. Mara 
(1996a) presents the graph shown in Figure 43 below, derived from data from the Brazilian city 
of Natal collated by Sinnatamby (1983), and suggesting that low-cost solids-transporting 
sewerage becomes cheaper than on-site alternatives at population densities above 160 people 
per hectare (pph). Melo (2005) presents rather detailed cost and population data fo r different 
districts served in Rio de Janeiro, Salvador de Bahia and Parauapebas; unfortunately, district 
areas (allowing calculation of population densities) are not given, and it would certainly be of 
interest to try to  obtain this data. Adelegan & Ojo (1999) take the previously suggested cut-offs 
for low-cost sanitation (population density > 160 pph [Sinnatamby 1983] and water supply > 50 
led [Cairncross & Feachem 1993]), and apply them to projected 2030 population density and 
water supply in 30 different urban districts of Nigeria, finding that low-cost sewerage would be 
appropriate in 5 of the 30 districts considered. In Indonesia areas w ith over 250 people per 
hectare are formally classified as densely populated and on-site sanitation is prohibited (Fang, 
1999). Sinnatamby et al. (1986) suggest that settled sewerage may be more expensive than 
solids-transporting systems, presumably because of the need for interceptor tanks: Tayler 
(2004) suggests that the comparative advantage of settled w ith respect to solids-transporting 
sewage will decline w ith increasing population density. In the Dakar settlements investigated in 
the present study, population density was in most districts around 200-350 pph, clearly above 
the cut-off fo r cost-effectiveness of sewerage proposed by Sinnatamby (1983).
6) Housing types and layout: In addition to population density, the nature of housing and 
housing layout may impact on decision-making about sewerage. Notably, irregular layouts w ith 
narrow streets may somewhat increase the cost of sewerage: but in fact "condominial" layouts 
adapted to the particular topography of the local built habitat appear fully able to overcome 
these issues, as seen in Dakar and as reported by previous authors including Mara (1996a).
7) Presence of existing infrastructure: Clearly, the presence of an existing and reasonably 
functional sewerage network and wastewater treatment/disposal facility within a city will be 
an argument in favour of sewerage as a possible solution fo r low-income communities. This is 
particularly the case where -as in Nairobi, Accra and Dakar- the existing mains run close to 
low-income settlements.
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Figure 43. Relationships between popuiation density and per-household construction costs fo r  d ifferent types o f 
sanitation, on the basis o f data from  the city o f Natal in Brazil (Sinnatamby 1983).
6.2.2,4. Socio-legal feasibility
Sewerage interventions involve introducing permanent infrastructures into urban 
settlements; so important socio-legal issues include whether the settlement can be 
considered permanent, and whether land rights are sufficiently stable and regularised to  
allow construction of public infrastructure.
There are very diverse types of low-income settlement in African cities, but in the present 
context these can be usefully grouped into three categories (see Figure 44 below):
a) planned or unplanned settlements (whether administratively accepted or not), in 
locations appropriate for settlement and with construction types and street layout that are 
expected to remain broadly similar in the future;
b) unplanned settlements in locations appropriate for settlement but with construction 
types and street layout that cannot be considered sustainable in the long-term;
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c) unplanned settlements that cannot be administratively accepted as long-term  
settlements because they are in locations clearly inappropriate for settlement (for example 
settlements in severely flood-prone or landslide-prone locations).
Figure 44. Schematic summarising different types o f low-income settlement in African cities, as regards urban planning.
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> Current housing type 
and layout sustainable
For example: a planned or 
informal settlement with 
large plots and good 
internal access
> Acceptable location 
> Current housing type or 
layout not sustainable
For example: an informal 
settlement with very small 
plot sizes and/or 
inadequate internal roads
> Non-urbanlsable 
location
For example: a settlement 
within a flood plain, 
subject to severe flooding 
each year
Urban planners generally and sanitation planners in particular are certainly faced with 
enormous technical and indeed ethical difficulties in deciding which categories their city's 
low-income settlements fall into, and these judgements are of course deeply political and 
unavoidably impacted by political relations and quality of governance. So for example, 
competent and humane governance institutions will not classify an existing settlement as 
unacceptable (category c) unless absolutely necessary, and in dealing with such 
communities will offer genuinely viable and acceptable solutions for short-term service 
provision and eventual relocation. By contrast, corrupt or brutal governance institutions 
will tend to  classify settlements as unacceptable on ethically questionable grounds (for 
example, the land is wanted for some other construction purpose), and will not offer 
genuinely viable and acceptable solutions to the affected communities. Sanitation planning 
must take place within these very complex and difficult political contexts. These decisions 
are also profoundly impacted by donor decisions about whether aid should focus on low- 
risk but lower-social-benefit projects, or higher-risk projects with higher social benefit if 
successful.
In the particular case of sewerage provision, there is little point in investing substantial 
amounts in sewerage for a settlem ent that is unequivocally classifiable as non-urbanisable 
(category c), and thus subject to eventual relocation. Likewise, sewerage investment may 
be questionable if a community is classified in category b: but this is a less straightforward 
decision, since even a settlement with tiny plots and irregular layout may quite possibly still 
exist in basically the same form in 50 years' time. In practice these decisions are extremely 
difficult: while it is clearly ill-advised to invest in sewerage infrastructure for a settlement 
that will undergo some sort of major upgrading in the near future, it is ethically 
unacceptable to  delay appropriate sanitation investment simply because a settlement is 
administratively defined as "informal"; indeed, such decisions risk absolute failure to
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achieve the aims of governments and the international donor community in terms of 
meeting the needs of the poorest.
It is difficult to  offer general recommendations for dealing with this issue, but it is clear that 
sanitation investments by international donors should be closely integrated with wider city- 
level sanitation planning processes, which should in turn be closely integrated with wider 
urban planning processes. This is not straightforward, since in many African cities current 
planning frameworks are very weak; as noted by Parkinson & Norman (2011), a degree of 
pragmatism may often be called for here; in other words, it is possible for donors and 
sanitation implementing agencies (whether local or international) to  work in a planning- 
informed way even if the formal urban planning fram ework is weak.
Second, urban w ater and sanitation agencies and specialists within the development sector 
certainly risk getting stuck in a "silo" that doesn't take proper account of wider/longer-term  
slum upgrading. There are strong arguments for increasingly integrating w ater and 
sanitation interventions into wider upgrading projects additionally including elements such 
as road and sidewalk construction, pedestrian alleyway paving, and storm water and 
greywater drainage, in some cases coupled with more radical land occupation changes.
Relevant here is the very interesting concept of "slum networking", as reportedly applied in 
Indian cities including Indore. Unfortunately neither the Indore experience nor the concept 
generally has been substantially documented in the literature.^ However, the basic concept 
appears to  be slum upgrading coupled with a rather radical sewerage model; namely, since 
low-income settlements typically occupy the lowest-lying parts of a city, sewerage mains 
should be designed to run through and serve low-income settlements first (in contrast to  
the typical situation, in which networks are constructed to  initially serve the business 
centre and/or wealthy residential areas of a city). Under the idealised model, construction 
of a sewer mains through a low-income settlem ent will provide an opportunity fo r radical 
reconstruction and habitat improvement. W hether this idealised model is actually 
applicable in any given context will of course be dependent on numerous location-specific 
factors including technical, financial and social factors, and simply the spatial geography of 
the city and its settlements and w ater courses. It is worth noting that Nairobi has to  some 
extent achieved this situation by chance, not design: sewer mains run close to  low-income 
settlements, and this now provides an opportunity for sewering these settlements.
6.Z.2.5. Implementation reliability
An im portant criterion for assessing the appropriateness of sewerage in any given context is 
w hat we might call "implementability" or "practicality". Is the social and institutional 
context appropriate for initial implementation? In the case of introduction of sewerage, are 
local engineering and project management capacities sufficiently developed? Perhaps most 
importantly, are governance standards adequate for efficient and equitable management
■ See the Wikipedia article http://en.wikipedia.org/wiki/Slum_Networking
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of major urban projects? I will here consider implementability to relate primarily to the  
effective management of large-scale sewerage construction/expansion projects (by all 
relevant actors including international financing institutions and governments), though 
clearly there is some overlap here with ongoing capacity for system operation and 
maintenance (see next section).
This implementability criterion ties in closely to a costing issue discussed above: in 
attempting to  predict the per-household capital costs of future donor-funded sewerage 
interventions in African cities from the present results for the PAQPUD project, should we 
use the very high per-household cost calculated for the project as a whole (including 
schemes which did not become operational, and thus benefit nobody), or the lower cost 
calculated considering only those schemes that became operational?^ In other words, 
should we consider the gross inefficiency of project management seen in the PAQPUD 
project (with 6 out of 11 schemes remaining non-operational despite full budget 
disbursement for network construction) as an unavoidable characteristic of projects of this 
type, on the view that major infrastructure interventions in African cities are by nature 
likely to have very low cost-effective ness because of a high risk of cost-inflating 
procurement, management and/or corruption? I have argued above that, as a basis for 
assessment of per-household costs, it is most useful to  consider only the costs of the  
PAQPUD schemes that became operational.^ Rather than attem pt to factor gross 
management inefficiencies into the projected per-household capital cost, it makes more 
sense to  treat management inefficiency as a risk either to  be avoided (by not investing in 
situations judged to be of high risk) o r - i f  investment goes ahead- minimised (by designing 
programme management and disbursement structures appropriately).
As noted in Section 5.3.5.3, capital costs in the PAQPUD project were probably severely 
inflated by very poor contract management (and possible procurement corruption, i.e. cost 
inflation for personal gain by individuals within the institutions directly involved, and/or at 
higher levels in the power structure). Project implementation was delegated to the quasi- 
statal agency AGETIP, with little direct control by the World Bank. By 2009, the funds had 
been entirely or almost entirely disbursed, despite very poor project outcomes in the  
settled sewerage component. I have no evidence to indicate that procurement corruption 
occurred in the PAQPUD project: however, "procurement kickbacks" are reported to be 
common in Senegal. Transparency International cites the 2004 Thiès construction scandal, a 
road construction project "which involved an opaque mix o f poor planning and rivalry a t the 
highest levels o f power that cost unknown millions” (Ndiaye 2008). This author reports that
W e are discussing here how best to predict costs of future projects from the PAQPUD project: clearly, if what we want is an 
ex-post measure of the cost-effectiveness of the PAQPUD project, we should use the very high per-household cost 
calculated for the project as a whole.
' Firstly, because we are here talking about Investment of large sums of donor money, such that the risk of Inefficient 
spending may not be strongly affected by the technological solution adopted; secondly, because no future project Is likely 
to be planned on the assumption that costs will be doubled because of Inefficiency; and thirdly, because even If we accept 
that Inefficiency needs to be factored In, there are no reasonable grounds for supposing that the roughly two-fold 
Inefficiency seen In the PAQPUD project is similar to that which might arise elsewhere: depending on diverse factors, we 
might see a 1.1-fold or 10-fold inefficiency.
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the contracts giving rise to  the greatest concern are those that go through agencies 
{"bodies ... o f Anglo-US inspiration ... created in response to a perceived need to introduce 
private sector techniques into public services m anagem ent’). AGETIP is one such agency. In 
relation to this, the OECD in 2006 questioned "the ability o f the [Senegalese] state to 
manage m ajor projects with transparency” (Ndiaye 2008). Ndiaye concludes that there is 
"little evidence o f institutional determination to stamp out corruption ... in procurement 
policy”.
As noted, project implementation was delegated to the quasi-statal AGETIP, with little 
direct oversight by the World Bank. The very poor constructor-compliance outcomes of the 
sewerage component of PAQPUD provide a strong argument for alternative management 
and disbursement models. Of course the World Bank, like other financing institutions, is 
constrained by its internal policies and procedures, but the results of the present study 
suggest either that the financing institution should have retained much tighter control over 
tendering and contract management, or that the disbursement should have been in some 
way output-based. There are certainly opposing arguments here: firstly, direct control of 
implementation increases the financing institution's direct costs (though not necessarily 
total project costs), as does the design and management of output-based disbursement 
models; secondly, output-based disbursement models require up-front finance to be found 
in-country (here by the Senegalese government and/or the sanitation utility ONAS); thirdly, 
there are aid ownership and capacity development arguments for devolving responsibility 
for aid spending to  recipient countries. These are a priori good arguments: but they hold 
little w ater when the result is poor aid management. IDA loans are concessionary loans 
with a clear pro-poor development mandate, using funds committed by bilateral agencies 
(such as DFID) as pro-poor development aid: they are not commercial loans that 
governments and their subsidiary institutions can spend as they see fit. I suggest that the  
settled sewerage component of the PAQPUD project would have been more effective if the  
W orld Bank had either a) introduced more rigorous procedures for control over contracting 
and disbursements, or b) adopted a rigorously output-based disubursement model.
A key question is whether sewerage projects should be considered inherently prone to  
inefficiencies of the type observed in the PAQPUD project. It might be considered that 
sewerage investments, by their nature requiring large construction contracts, are more 
prone to procurement corruption and abusive contractor non-compliance than investments 
in on-site sanitation (e.g. latrine subsidy programmes, sanitation marketing programmes, 
pit-emptying enterprise development). Collier (2011) suggests that construction contracts 
are more prone to corruption than "equipment" contracts, because it is much more difficult 
to  predict, track and audit the real cost of a construction project than the real cost of 50 
Toyota trucks or 1000 Samsung computers; the "competing" models of urban sanitation 
(on-site sanitation systems, typically coupled with social marketing) in fact require 
investment in services and small-scale construction rather than in equipment purchased 
internationally, but it may be the case that such investments are less corruptible than major 
construction projects. However, it is worth noting that household-level on-site sanitation
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subsidy programmes are clearly prone to other very significant forms of inefficiency, 
including poor use and maintenance, and subsidy capture by non-poor households (as 
observed in the present analysis of pro-poor targeting in the on-site components of the 
PAQPUD project; see Section 5 .3 .4 3 ) (and as widely reported in previous studies; see 
review in Evans, Van der Voorden & Peal 2009). Certainly stakeholders can hope to reduce 
these inefficiencies by introducing more demand-driven approaches and by improving 
subsidy targeting, but major inefficiencies can arise with household- and community-level 
disbursements just as with larger disbursements to  governments and private contracts. 
Furthermore, non-sewered urban sanitation and drainage models require substantial 
construction contracts for faecal sludge treatm ent facilities and sludge transfer stations, as 
well as for storm water drainage and flood control: in other words, opting for a non- 
sewered model does not eliminate the requirement for major construction contracts.
I suggest that the key decision criterion here should not be w hether a given proposed 
investment is for sewered or non-sewered solutions: rather, is it an investment involving 
local control over large disbursements? If so (and independently of whether the investment 
is required to build a sewerage network or to implement a hygiene education programme), 
a judgement must be made about the readiness of the local actors to  exert effective control 
within their local context, taking into account factors including governance standards, legal 
frameworks and business/technical capacity.
6.2.Z.6. O&M sustainability
Closely related to  local capacity for managing a major sewerage construction programme is 
local capacity for ensuring effective ongoing operation and maintenance (O &M ). Effective 
ongoing maintenance is also dependent on appropriate system design, both technical and 
financial, and on users' feelings of ownership of and responsibility for the system. It is 
clearly important to  ensure that a reliable revenue stream is in place for system operation 
and maintenance. This revenue stream might come from householder tariffs or from some 
form of tax (including cross-subsidy from less-poor customers of the sewerage operator).
As detailed in Section 5.3.3.4, in the PAQPUD project both the technical nature of the 
system and community feelings of ownership and responsibility appeared broadly 
favourable for sustainability: my householder surveys indicated that minor blockages 
occurred fairly frequently, but were typically resolved by householders themselves. Other 
favourable aspects included indications that sewered septic tanks will require only very 
infrequent emptying (see Section 6.3.1 below). This favourable outlook at the ' micro level 
is consistent with my survey results indicating widespread acceptance by householders of 
responsibility for in-plot and "just-outside-plot" maintenance. At the other end of the scale, 
high-level system managers fully accepted that responsibility for the main network and 
major infrastructure lies with the utility ONAS.
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However, O&M  sustainability at the intermediate level (the local street network within 
each district) is much more problematic. Numerous interviewees described future O&M  
systems involving collaboration between ONAS, district councils {communes) and local 
community representatives through specially constituted management committees 
{comités de gestion), which will be empowered to collect monthly tariffs of 5 0 0 -1500  CFA 
francs (about US$ 1 -3 ); but this model does not appear to have been implemented, with  
neither the utility ONAS nor district councils willing to  take responsibility (for revenue 
collection from householders, and quite possibly for provision of additional revenue 
streams to support tariff revenues). The evident problem is that there was no negotiation 
of the system beforehand. If (for example) the implementing agencies had required district 
councils to sign O&M  agreements before construction, as a prerequisite for provision of the  
service, the observed impasse might not have arisen. This is a particular cause of concern 
given that a previous study of community participation in the maintenance of Brazilian 
condominial sewers, Roszlert (cited in Watson 1995) notes that community maintenance 
has not generally worked: maintenance has been effective where the utility holds 
responsibility, and where community associations lobby the utility; w ithout such lobbying 
utility maintenance has often been poor, and community maintenance alone is insufficient.
So the long-term sustainability of the PAQPUD schemes must be called seriously into 
question, in view of lack of pre-negotiation of local network maintenance responsibilities. 
But is O & M  sustainability a criterion for assessing whether sewerage can be an appropriate 
solution in any given context? To some extent it is (i.e. to  some extent likely O&M  
sustainability can be considered a decision criterion depend on judgements about local 
conditions): but it is arguably more useful to view this not as a prior decision criterion, but 
rather as a very difficult challenge that needs to be met in any sewerage intervention.
6 .2 .2 J .  Social acceptability
Independently of other considerations, any sanitation solution must of course be 
acceptable to the intended users. Users must be happy not just with the service provided, 
but also with any financial contributions they may be required to  make to  capital or 
recurrent costs, or with other types of contribution (e.g. land, labour, or involvement in 
community management).
M y results from the PAQPUD project very clearly show that the great majority of actual 
project beneficiaries (82-94% ) were very happy with the settled sewerage system (see 
Section 5.3.3.7): this is not surprising since this was a massively subsidised services 
improvement, which in many cases included a new and improved septic tank, and in all 
(true beneficiary) cases meant that septic tank emptying requirements w ere greatly 
reduced, because of the drainage of liquids to  the sewer. This result is likewise not 
surprising given that no substantial service charge was in place: i.e. users were not being 
asked to pay anything towards system operation and maintenance. Given the absence of 
well-designed mechanisms for sustainable financing of these systems, we can suspect that
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this satisfaction may not prove sustainable. Nevertheless, it is certainly the case that users 
are currently satisfied.
There have been several previous studies of urban sanitation preferences which have 
included sewerage among the options offered (see e.g. W hittington et al. 1993, Altaf 1994, 
Altaf &  Hughes 1994). Studies of this type have generally assessed people's preferences for 
different options in relation to  some measure of their willingness to pay for each option. 
Altaf & Hughes (1994) carried out a very useful contingent valuation study^ of willingness to 
pay for improved sanitation in Ouagadougou. Répondants were offered a hypothetical 
situation in which services would be provided in return for a monthly fee only, not any up­
front capital payment. Sewerage was offered as an option to  36% of sample households.^ 
The great majority (91%) of these households expressed interest in sewerage services, with 
a mean willingness-to-pay estimated at 1462 CFA francs per month; this contrasts with a 
mean willingness-to-pay for on-site sanitation services estimated at 953 F CFA per month. 
The authors suggest that "if [sewerage services] were offered to the entire population [o f  
Ouagadougou], the acceptance rate wouid be very high and WTP would fa ii in the range o f 
1000 to 1500 F CFA per month". It is also worth noting that about 64% of respondents 
offered on-site options preferred a pour-flush option "for reasons o f hygiene and 
modernity", versus only 30% expressing preference for a VIP latrine.
A recent study by Bolaane & Ikgopoloeng (2011) looked at sanitation preferences in two  
urban areas in Botswana: TIokweng, a peri-urban area of Gaborone, and Ramotswa, a small 
town. Pit latrines are currently the predominant sanitation solution in both locations; but 
67% of households agreed with statements to the effect that pit latrines are an out-dated  
sanitation technology, citing characteristics including "difficulty to visit a t night", "smell", 
"unhealthy", "unsafe" and "frequent filling up". By contrast, 50% of households agreed that 
"using waterborne sewerage increases one's dignity", while 77% agreed that "government 
should provide waterborne sewerage to all households regardless o f the cost"; though here 
the authors note that individual consumers often demand higher levels of service and 
technology than they are willing to pay for. Considering all three possible payment 
scenarios offered, 90% of households without access to waterborne sewerage were willing 
to  pay to access it.
As detailed in Section 3.3.3, user preferences for sewerage -indeed, very specifically for 
conventional sew erage- are widely recognised in South Africa, and have caused ongoing 
difficulties for the public authorities struggling to meet the sanitation needs of low-income
 ^Note that the contingent valuation approach for predicting willingness to pay has been criticised on the grounds that people 
tend to place greater negative value on losses than positive value on equivalent gains (Knetsch & Sinden 1994, Kahneman 
2003). Diverse other methods are now being proposed for predicting willingness to pay (see e.g. Santos et al. 2011). These 
methodological issues probably do not affect the substance of the discussion of above.
 ^ Sewerage was only offered to people who already had an improved pit, not to people who had no toilet or an unimproved 
pit or a septic tank. The reason for this methodology choice is not entirely clear, but as noted in the text the authors also 
consider the results that would probably have been obtained if they had offered sewerage to the whole sample.
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communities who in some cases may reject any solution other than free conventional 
sewerage, perceived as a right.
Not all previous studies have found a strong preference for sewerage among urban 
residents. Whittington et al. (1993) carried out a widely cited contingent-valuation study of 
sanitation preferences and wiliingness-to-pay in the Ghanaian city of Kumasi, finding an 
expressed preference for sewerage: nonetheless, this preference was weaker than 
anticipated. In fact only about 12% of respondents knew what a sewerage system is, and 
the concept had to  be explained. One of the questions these authors put to  respondents 
was " If a WC (connected to a sewer system) and a KVIP^ each cost the same am ount each 
month, which one would you prefer?” Only 54% of respondents reported that they would 
prefer a sewer-connected flush toilet, versus 45% who reported a preference for latrines, 
citing reasons including no requirement for w ater (so no increase in w ater bill, and keeps 
functioning when there is no water). Respondents who stated a preference for sewer- 
connected flush toilet gave as reasons that it is neat and clean, and that it is connected to a 
sewer system (so the waste is flushed away). [Independently of its specific findings for 
Kumasi in the early 1990s, this study highlights the importance of accounting for imperfect 
knowledge about candidate sanitation systems in preference and WTP studies.]
W ithout at this point entering into the (important) question of whether sewerage is cost- 
effective and affordable, it is reasonable to  conclude -fro m  the present results and 
previous studies- that sewerage is often people's preferred solution: this is not surprising, 
in that w e can expect sewerage to  be perceived as the sanitation solution used by wealthy, 
"modern" people. Interestingly, however, Santos et al. (2011) found that lower-income 
households in Brazil who expressed preference for a flush toilet and sewerage connection 
were primarily attracted by the benefits in terms of health protection, accessibility, privacy, 
and house modernisation, not by the status value one might expect to  be associated with  
this sanitation option.^ In addition, even "poor people" may be deeply concerned about 
unsanitary environmental conditions: a poll of 580 people (243 defined as middle class, and 
337 defined as poor) conducted in the Brazilian city of Salvador indicated that unsanitary 
conditions (essentially defined as lack of covered sewers) was the respondents' most 
im portant environmental concern, even by comparison with aspects like infrequent 
garbage collection and irregular supply of w ater (Tesh & Paes-Machado, 2004). 
Interestingly, the proportion of respondents expressing concern about poor sanitation was 
higher among people classified as "poor" (40%) than among people classified as "middle 
class" (34%).
Notwithstanding my own results and previous studies indicating that flush toilets and 
sewerage are a common aspiration in poor urban communities, it needs to  be stressed that
 ^KVIP = Kumasi ventilated improved pit latrine.
 ^Subjective non-health benefits of improving sanitation Include increases in comfort, privacy, convenience, safety for women 
and children (especially at night), dignity and social status, modernity, cleanliness, property value and rental Incomes; and 
reductions in odour and flies, embarrassment with visitors or in-laws, accidents and conflict with neighbours (Isunjü et al. 
2011).
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-e v id e n tly - we cannot expect all such communities to be the same. Individuals' aspirations, 
choices and willingness-to-pay for sewerage (as for other sanitation solutions) are clearly 
likely to  be affected by very diverse factors including income, ow ner/tenant status, and 
knowledge of and experience of sewerage systems. W hittington et al. (2000) describe a 
"neighbourhood deal" process adopted in urban sewer planning in Indonesia, under which 
"government officials and planners study household and neighborhood demand fo r  
improved w ater and sanitation services in order to design a deal that municipal and higher- 
level governments can afford, that is technically feasible, that is attractive to households, 
and that has public health and environmental benefits".
Finally: this section has dealt with the acceptability of sewerage solutions to users. 
However, there are strong arguments for considering not just the aspirations of users, but 
also the aspirations of institutional decision-makers. Although I do not have extensive 
empirical data to support this assertion, personal experience strongly suggests that relevant 
decision-makers in African cities (senior managers in w ater and sanitation utilities, asset- 
holder institutions and regulatory institutions, as well as politicians in municipal and 
national government) typically aspire to sewerage as a citywide sanitation solution. In 
Zambia, for example, the Sixth National Development Plan (RoZ 2011) states the goal of 
sewering 146 informal settlements nationwide by 2015, with no mention of on-site 
sanitation facilities^ This is in line with my own conversations in January 2012 with key 
sanitation specialists in Lusaka (including Kennedy Mayumbelo, the Head of the Peri-Urban 
Department of Lusaka W ater and Sewerage Company), who reported that -especially since 
Zambia's 2011 upgrading to lower middle income status under the W orld Bank's country 
classification- national politicians from the President down have strongly favoured 
sewerage solutions. Similarly in Kenya, and as noted in Section 5.4.2.2, the current Strategic 
Guidelines for w ater and sanitation in informal settlements (NCWSC/AWSB 2009) prioritise 
sewered solutions; the possibility of on-site solutions is accepted, but key staff in the utility 
NCWSC strongly favour sewerage solutions, and have little genuine commitment to  on-site 
sanitation.
Clearly, international donor financing organisations would be foolish to  support sewerage 
over on-site solutions simply because this is the aspiration of local politicians; clearly, there 
are countries that do not currently have sufficient technical capacity or political stability for 
sewerage investments (see Section 6.2.2.6), and clearly in all countries and all cities non- 
sewered sanitation solutions will always remain part of the sanitation mix. Nonetheless, 
institutional aspirations may be a relevant consideration in contexts in which sewerage is a 
potentially viable proposition: it may be easier to achieve institutional buy-in (and thus, for 
example, tax revenue allocations to sanitation) for sewerage solutions perceived as modern 
and effective, than for non-networked solutions perceived as backward and "for poor 
countries".
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S.2.2.8. Environmental acceptability
Environmental impacts have not been a central focus of the present thesis. Nonetheless, a 
number of questions need answering if we are to assess the appropriateness of sewerage 
as a sanitation solution. Environmental considerations are often cited as arguments against 
the appropriateness of sewerage for cities in Africa and elsewhere. For example, leading 
representatives of the Bill & Melinda Gates Foundation have recently argued that "the 
toilet needs to  be reinvented" because the flush-toilet-plus-sewerage model is judged to  be 
an environmentally unsustainable technology (oral presentations at the AfricaSan 3 
conference, Kigali, 19^''-21^^July 2011).
a) Impacts on citywide w ater use. One commonly raised argument against sewerage is that 
sewerage systems will lead to greatly increased urban w ater use.^ However, pour-flush 
toilets (as will typically be used in low-income communities of African cities) probably 
increase w ater use by only 2-3 litres per capita per day (Tilley et al. 2008), which is a 
modest increase in relation to  typical w ater use in low-income communities with household 
piped water: in Dakar, for example, where most households already have piped water, 
average domestic w ater use is about 48 litres per capita per day (Hoang-Gia et al. 2004). 
Prior to  the PAQPUD project, practically all connected households already had pour-flush 
toilets discharging to septic tanks: thus the project is not likely to have had any significant 
direct impact on w ater use. Indeed, even if a similar programme were implemented in a 
city where most people currently use latrines (i.e. if pour-flush latrines or septic tanks were  
widely introduced within a sewerage programme), the impact on total domestic w ater use 
would probably be minor. In fact, what dramatically increases domestic w ater use in low- 
income urban communities is household piped w ater connection (Thompson et al. 2003),^ 
not sewerage: and few  are likely to argue on water-scarcity grounds against increased 
household connection rates in poor urban communities, in view of the very clear human 
welfare benefits of improved w ater supply. Rather, and particularly in cities with current or 
projected w ater scarcity, there is an obvious need to  use education, legislation, design and 
w ater pricing to  ensure rational water use (see e.g. Achttienribbe 1996);^ and in my view  
this will often be perfectly achievable with low-flush-volume sewerage systems. In other 
words, increased w ater use, a commonly raised objection against sewerage, is not generally 
an im portant issue; though certainly sanitation planners and engineers need to  assess this
 ^Somewhat related to this argument, but not an environmental concern per se, is the view that sewerage is often 
inappropriate because households have (or may in the future have) insufficient continuity of water supply to flush toilets 
and to introduce sufficient water into the sewerage system in order to achieve self-cleansing. This concern is greatly 
reduced In the case of settled sewerage. See Section 6.2.2.S.
^Or indeed improved community-level water supply, for example standpoints located closer to houses and offering clean 
water at affordable prices.
^Another commonly cited concern is that "we're using expensively treated drinking water to flush toilets, that must be 
wrong": but this is a simplistic argument, not the result of any serious consideration of cost-effectiveness. In cities in rich 
and poor countries, much larger volumes of drinking water are used for laundry and bathing than for flushing toilets, but in 
urban contexts the costs of separately supplying water for these purposes would far outweigh any saving in treatm ent 
costs.
6.2: When can sewerage be appropriate?
156
individually for any given context, particularly in cities currently (or projected to be) subject 
to  extreme w ater stress.
b) Resource reuse. A concern raised against sewerage by some respondents in my expert 
opinion survey (see Section 5.1) is that it does not favour resource reuse. Some sector 
researchers and practitioners (see for example Panesar et al. 2008) argue that reuse of 
excreta (potentially including agricultural use of faeces and/or urine; biogas generation 
from faeces; and w ater reuse from blackwater, in systems in which blackwater is produced) 
should be a primary goal, under the over-arching goal of achieving financially and 
environmentally sustainable urban sanitation. These issues have not been a central focus of 
the present research, but three points can be made. First, and despite widespread pilots, 
significant reuse and revenue generation in dense urban contexts remain theoretical goals 
for the ecosan movement and other more recent "high-tech" efforts including the Gates- 
led "Reinventing the toilet" initiative. Second, reuse and revenue generation can of course 
occur within sewerage systems, and (depending on location-specific considerations) may 
indeed be more cost- and energy-efficient: thus large centralised wastewater treatm ent 
plants (such as the Cambérène plant in Dakar) use within-process biogas generation to  
partially cover their energy costs, and also produce dried sludges for agricultural use. I 
suggest that resource reuse is an evidently attractive goal, but should be considered as 
secondary to the primary goals of improving child health in a financially and socially 
manner: reifying resource reuse as a primary goal is counterproductive.
c) Polluting impacts o f sewerage system outflows. Sewerage is widely viewed as a highly 
polluting sanitation solution in low-income countries, because there is often little or no 
treatm ent of the collected sewage. I am not aware of any comprehensive benchmarking 
assessment of sewage treatm ent standards in Africa, but the published information 
available (e.g. CIEH 1993, Majura & Banda 1995) coupled with diverse personal 
communications makes clear that effluent discharge rarely if ever reaches standards that 
would be judged acceptable in high-income countries, and in many cases raw sewage is 
discharged directly to a local watercourse. However, this is really no more a critique of 
sewerage than it is of other sanitation solutions in African cities: whether on-site or 
networked solutions are used, in the great majority of cases we see extensive faecal 
pollution of the local inhabited environment and nearby w ater bodies including drainage 
channels. In other words, this is a critique of the poor resourcing and management of 
sanitation systems in African cities in general, not a critique of any particular approach: we  
should not be blindly excluding approaches that have worked poorly in the past (all 
approaches have worked poorly in the past), but rather working to  improve resourcing and 
management. Furthermore, if we accept that the primary goal of donor investment in 
urban sanitation is to  improve child health (as is taken to  be an underlying tenet of the  
present thesis), faecal pollution should not be considered as a primary concern perse, but 
rather only inasmuch as it impacts on the health of people within or outside the sanitation 
intervention area. On this view, for example, a discharge of raw sewerage to the sea or a
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river will be of major concern if it is having a major impact on the health of surrounding or 
downstream populations, but not otherwise. This ties in to concerns about environmental 
equity: it is sometimes argued that sewerage systems in low-income contexts tend simply 
to  transfer "rich man's shit to  poor people's water" (Centre for Science and Environment 
2007).^ Again, this is certainly sometimes true; but again, it is not necessarily true, and may 
often be true of other rich man's sanitation systems, such as septic tanks (particularly given 
that the poorest communities in African cities are often located in the lowest-lying 
locations). In short, I argue that sanitation planners managing existing sewerage systems, or 
considering sewerage expansion or sewerage introduction, need to very carefully consider 
the likely health impacts of planned system discharge and leakage. But the precise 
implications of this will vary from context to context: it makes no sense to rule out 
sewerage on the view that it is by definition more polluting than other sanitation solutions.
In view of the above I would suggest that, o f the "environmental" arguments often raised 
against sewerage, only one carries strong weight. Specifically, poorly designed or poorly 
functioning sewerage systems may have a "dilute and disseminate" effect, increasing rather 
than reducing exposure to faecal pathogens; though whether poor sewerage system 
function has this type of effect will be dependent on the precise nature of the relationships 
between sewerage discharge/leakage and drinking w ater abstraction in any given location. 
The cholera outbreak seen after the capacity collapse of Harare's w ater and sanitation 
system in 2008 (see next section) is an example of this type of failure. And in the present 
evaluation of the PAQPUD project, clear problems were observed: although schemes 
discharging to  the existing centralised network did not raise significant concerns, those 
schemes designed to discharge locally after small-scale decentralised treatm ent were often 
under-resourced and dysfunctional, while other schemes (notably Rufisque) did not 
become operational but were nevertheless used, so that sewage overflowed into the local 
environment. This should not be taken as a generalisable critique of small-scale 
decentralised treatm ent systems, but rather a comment on the need to take proper 
account of public-health impacts in the planning of any sewerage intervention.
Over and above this important concern, I suggest that the environmental arguments 
against sewerage are mostly overstated. For example, there is no reason to suppose that 
introduction of sewerage will lead to substantially increased w ater use; it is perfectly 
possible to  conceive and develop sewerage systems that have little or no incremental 
impact on w ater use. Similarly, the view that sanitation systems must achieve resource 
reuse at the household level in order to be appropriate reflects both a confusion of 
priorities (the primary aim of urban sanitation is surely to reduce faecal-oral disease 
transmission, not to achieve resource reuse) and a simplistic analysis of the resource 
economics (in terms of net energy gain, it may well be more efficient to  achieve resource
Somewhat in relation to this is the sometimes suggested view that wastewater treatm ent plants are an inappropriate 
investment because they just treat "rich man's shit". This is an unhelpful argument, since rich man’s shit and poor man's 
shit are equally undesirable in a poor man's water supply. The relevant equity argument relates to who benefits from the 
treatment, not whose shit it is.
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reuse at a centralised level rather than at the household level, or indeed not to attem pt 
resource reuse at all).
6.2.2.9. Resilience to future change
Resilience (= robustness) to future change is an important dimension of appropriateness in 
the selection of urban sanitation solutions. Resilience to climate change has received 
considerable attention, but as noted by O'Brien et al. (2009) "climate change is not the only 
change facing social-ecological systems [...]: economic, political, social, and cultural changes 
also contribute to uncertainty and complicate adaptive responses". In the particular case of 
urban sanitation solutions, I suggest that a number of types of uncertainty are relevant on 
5- to 50-year planning timescales. For most African countries, these future risks include 
political instability or retrogression leading to  reduced tax revenue collection and/or 
reduced institutional capacity (including capacity for sanitation system management); 
continuing rural-to-urban migration and urban growth; economic crises or decline leading 
to  reduced revenue generation for sanitation system management; and global energy price 
increases impacting on water and sanitation system function (particularly relevant to 
sewerage systems requiring extensive pumping). I would suggest that in the present 
context, these types of instability are as significant as the potential impacts of climate 
change on sanitation and drainage systems. ^
Charles et al. (2009) suggest that sewerage systems are both more vulnerable and less 
adaptable to climate change than alternative solutions (systems based on septic tanks or 
latrines).^ Howard & Bartram (2009), drawing on the report of Charles et al. (2009), state 
that "Conventional sewerage will be challenged in drying environments. It  will also be under 
threat where increased extreme rainfall is expected, which m ay result in physical damage to 
the system and in environmental contamination i f  storm water is combined with sewage. 
Unconventional sewerage m ay offer greater resilience because w ater requirements are 
lower, and sewerage would not usually be linked to storm water drainage”. I query Hutton & 
Bertram's conflation of "combined" and "conventional" sewerage; the great majority of 
conventional sewerage systems constructed since the mid 20^  ^century have been separate, 
and combined systems are now rarely considered. Likewise, I argue in Section 6.3.1 that 
low-cost combined semi-open sewer systems collecting both faecal wastewaters and 
storm water may be a pragmatic interim solution in some contexts. Nonetheless, I agree 
with the thrust of Hutton & Bertram's conclusion, which is that low-flush-volume sewerage 
systems can be considered more resilient to  climate change.
It is certainly the case that non-floodproofed latrines or septic tanks are a very poor 
solution in dense urban contexts with high flood risk, and this is in many cities (including
 ^Certainly these risks may be impacted upon by climate change, for example in a country in which altered rainfall patterns 
reduce crop yields: in other words, climate change may have indirect impacts.
 ^Another quite different question is whether different sanitation solutions may impact on climate change in different ways. I 
am not aware of any attem pt to assess this for iow-income contexts. Even if differences in impact were predicted, it wouid 
be ethically questionable to consider this as a determinant in selecting appropriate sanitation solutions for African cities.
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Dakar; see photos page 101) a critical problem already, regardless of possible future  
increases in flooding severity or frequency. However, it would be simplistic to argue that 
sewerage is more resilient to  this future risk: all sanitation solutions (including flood- 
proofed latrines and sewerage systems) are costly and plagued with potential problems in 
waterlogged or flood-prone locations, so that -as  argued in Section 6 .3 .1 - the appropriate 
solution here may be to first prevent the flooding (or relocate the settlement). The PAQPUD 
intervention in Guinaw Rail Nord is a clear example of a sanitation intervention of 
questionable value in a severely flood-affected urban community (see Section 5.3.4.1).
As noted, I am not aware of any previous comparative assessment of the resilience of 
different urban sanitation solutions to non-climate-related future risks. I suggest that these 
can be divided into tw o main categories: changes leading to reduced capacity for sanitation 
system management (as a result of political instability or regression, economic crisis and/or 
reduced tax revenues), and increases in global energy prices.
A clear example of political regression leading to  WASH infrastructure failure is that seen in 
Harare (Zimbabwe) in 2008/2009. According to a report from the Combined Harare 
Residents Association in January 2009 (CHRA 2009), "ZINWA [Zimbabwean water utiiity] 
sta ff is currently on strike due to the non-availability o f protective clothing and competitive 
remuneration [...] M ost high density areas in Harare remain plagued with pools o f raw  
sewerage as ZINWA has fa iled  to attend to burst sewer pipes"; various examples are cited, 
including "raw sewage has been flow ing into the yards o f the houses that are along 55  
Avenue". Around 300 people died in Harare alone during the main cholera outbreak in 
2008-2009. This outbreak was in part attributable to  failure of Harare's sewerage system, 
though also to  simultaneous failure of w ater supply systems and health services; it is worth  
noting that the cholera outbreak affected many non-sewered areas of Zimbabwe (see 
Wikipedia article "Zimbabwean cholera outbreak").
In considering the energy resilience of urban sanitation systems, we can identify three basic 
types of system: i) on-site systems with no substantial need for road transport or energy- 
intensive treatm ent of sludge; ii) on-site systems with significant requirem ent fo r road 
transport and/or energy-intensive treatm ent of sludge; and ill) sewered systems with  
requirement for pumping stations and/or energy-intensive treatm ent of sewage. This 
categorisation does not in itself provide any simple answers, since energy requirements can 
be expected to vary dramatically within each category (for example, sludge transport costs 
will of course depend heavily on distance to the disposal location, while sewerage system 
pumping costs depend heavily on topography). In their comparative analysis of the cost- 
effectiveness of faecal sludge management and sewerage in Dakar, Dodane et al. (2012) 
present data on energy costs within the operating cost estimates fo r each solution, and 
simple calculations from their data indicate that the energy cost of operating the  
(conventional) sewerage system^ is about 33% of total annual operating costs fo r the  
system, which they estimate at about US $12 per capita: of this energy cost, 8% (about $1)
 ^ In fact their analysis considers a specific sub-area of Dakar's sewerage system, which they refer to as the Cambérène system.
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is for pumping station energy costs and 25% ($3) for treatm ent plant energy costs. 
Estimated energy costs of on-site systems based on tanker transport of sludge are 
proportionally similar (35% of total operating costs for the system), but lower in magnitude 
(about $2 per capita per annum, versus $4 per capita per annum for sewerage). As noted in 
Section 6.2.2.10, though, there are grounds for questioning the validity of Dodane et al.'s 
analysis, which may be over-estimating the cost advantages of tanker-based faecal sludge 
management systems.
Table 24, Recurrent costs fo r  Dakar’s sewerage system and fo r a tankering-based faecal sludge management system, as 
estimated by Dodane et al. (2012).
SEWERAGE SYSTEM RECURRENT COSTS US$ per capita^
Al) Pumping costs (energy only) 0.93 41% of total pumping costs (A2) 
23% of total system energy cost (C) 
8% of total system O&M cost (D)
A2) Pumping costs (total) 2.25
Bl) Treatment costs (energy only) ^ 3.04 47% of total treatment costs (B2) 
77% of total system energy cost (C) 
25% of total system O&M cost (D)
82) Treatment costs (total) 6.46
C) System O&M costs (energy only, i.e. Al+Bl) 3.97 33% of total costs (D)
D) System O&M costs (total) 11.96
FSM SYSTEM RECURRENT COSTS
El) Tankering costs (energy only) 2.06 41% of total tankering costs (E2) 
96% of total system energy cost (G) 
34% of total system O&M cost (H)
E2) Tankering costs (total)^ 5.00
FI) Treatment costs (energy only) 0.08 7% of total tankering costs (F2)
4% of total system energy cost (G) 
1% of total system O&M cost (H)
F2) Treatment costs (total) 1.09
G) System O&M costs (energy only, i.e. El + FI) 2.14 35% of total system O&M cost (H)
H) System O&M costs (total) 6.09
 ^These per-capita costs are calculated from Dodane et al.'s data. The calculation was not always straightforward, because the 
number of people estimated to benefit under each component varies and in some cases is not entirely clear. For reference 
and future cross-checks, the total costs used for these calculations (before estimating per-capita costs by dividing by 
number of people benefitting) were as follows: A1 - US$ 213,600; A2 - 517,800; B1 - 959,040; B2 -1,485,960; C - 912,640; D 
- 2,751,406; E l - 21,420; E2 - 49,320; F I - 3,480; F2 - 45,256; G - 24,900; H - 94,576.
 ^B l: net cost after substraction of energy generation revenue.
 ^E2: in Dodane et al.'s model, the total charge made to householders, covering ail costs including fuel costs, plus a profit 
margin.
6.2.2.10. Cost-effectiveness and financeability
M y estimates of Year-0 capital costs for the PAQPUD project (Section 5.3.5.3) are US$ 5846 
per household considering the project as a whole (i.e. including the 6 out of 11 schemes 
that remained non-operational despite full budget expenditure); or US$ 2119-2932  per 
household considering only the 5 schemes that became operational. If we take this latter
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estimate as the most relevant and useful (see next paragraph), it is still much higher than  
the per-household capital cost estimated at the project planning stage (about US$ 980), 
and likewise higher than the JMP estimates of US$ 732 per household for "small-bore 
sewerage" and US$ 1680 for conventional sewerage (JMP 2000), and the costs reported in 
Vargas-Ramirez & Lampoglia's (2006) review of the costs of condominial sewerage 
worldwide, ranging between US$ 119 in Bolivia to US$ 759 in Paraguay. It is likewise much 
higher than the value of about US$ 910 per household obtained for settled sewerage by the  
empirical equation of Loetscher & Keller (1999); indeed, my estimate is much closer to the  
Loetscher & Keller estimate for conventional sewerage (around $2200 per household).
In attempting to  draw generalisable estimates of unit costs from the present results for 
PAQPUD, there are tw o possible approaches. The first is to  consider the very high whole- 
project cost (around US$ 5800 per household) as the best predictor of the cost of future  
donor-funded sewerage interventions in African cities, on the view that major 
infrastructure interventions of this type are by nature at high risk of cost-inflating 
procurement, management and/or corruption. The second is to consider the operational 
scheme cost estimate of around US$ 2100 -2900  (midpoint around US$ 2500) as the best 
predictor, on the view that the cost-inflating problems seen in the present project should 
be avoidable in future projects. I suggest that the second approach is more useful:^ firstly, 
because the risk of inefficient spending of large sums of donor money may not be strongly 
affected by the technological solution adopted; secondly, because no future project is likely 
to  be planned on the assumption that costs will be doubled because of inefficiency; and 
thirdly, because even if we accept that inefficiency needs to  be factored in, there are no 
reasonable grounds for supposing that the roughly two-fold inefficiency seen in the  
PAQPUD project is similar to that which might arise elsewhere (depending on diverse 
factors, we might see a 1.1-fold or 10-fold inefficiency elsewhere). So adopting the second 
approach, w e draw from this study an empirical estimate of the real Year-0 capital cost of a 
settled sewerage intervention, if reasonably well managed, of about US$ 2500 per 
household; this estimate needs to  be coupled with a strong warning of the need to  ensure 
that adequate management can be achieved. Note also that this is an estimate fo r a city 
with an existing wastewater treatm ent facility, w ithout inclusion of any estimate of the cost 
of wastewater treatm ent. As indicated, it is strikingly higher than the value of around US$ 
900 per household obtained by application of Loetscher & Keller's (1999) equation, which 
likewise does not include wastewater treatm ent costs: this calls into question the utility of 
the Loetscher & Keller equation.
In their very recent analysis of the fixed and recurrent costs of sewered and on-site 
sanitation in Dakar, Dodane et al. (2012) looked at capital and operating costs of sewered 
and non-sewered sanitation systems within a defined area of Dakar referred to  as the
But for further discussion reiating to the first approach, see Section 6.2.2.S.
6.2: When can sewerage be appropriate?
162
Cambérène a re a / population about 500,000. This study is certainly highly relevant here, 
since it is looking at the same location as the present research. Dodane et al. estimate the 
capital cost for (conventional) sewerage in Dakar to  be around $6400 per household, about 
ten times higher than for an "FSM" system based on septic tanks and tanker desludging 
($680 per household). It should be stressed that this estimate of the capital cost of 
sewerage is not directly comparable with my estimates of per-capita cost for settled 
sewerage under the PAQPUD project, because I have estimated project costs with no 
attem pt to  account for sunk costs, whereas Dodane et al. are estimating the total costs of 
the whole system (i.e. including the sunk costs of the w astewater treatm ent plant).
Although this a very relevant and interesting study, I question the validity of their analysis, 
which I consider to  contain diverse assumptions that unreasonably favour on-site sanitation 
over sewerage. If we take into account these "unfair" assumptions,^ the magnitude of the 
difference in capital cost between sewerage and on-site sanitation is less dramatic. An 
interesting comparison can be obtained by summing my estimate of per-household Year-0 
capital cost to Dodane et al.'s estimate of per-household Year-0 capital cost of Dakar's 
w astewater treatm ent plant at Cambérène (US$ 1150): 2500 + 1150 = US$ 3650. This gives 
an estimate of the Year-0 capital cost of a settled sewerage system including an advanced 
activated sludge treatm ent plant. The estimate of US$ 3650 remains much lower than 
Dodane et al.'s estimate of $6400: but as noted above, I consider it likely that Dodane et 
al.'s estimate is an over-estimate. In addition, Dodane et al.'s estimate is explictly an
 ^This area does not correspond to the district of Cambérène included within the PAQPUD settled sewerage project: rather, 
Dodane et ai. use the term Cambérène in reference to the Cambérène wastewater treatm ent piant (so calied not because it 
is located in Cambérène district, but because its marine outfali is in Cambérène). The area used in Dodane et ai.'s analysis is 
described as comprising the districts of Parcelles Assainies, Grand Yoff, Guediawaye and Hann, which form part of the 
catchment area of the Cambérène WWTP: in fact the iimits of their study area are not entireiy ciear to me, but this does 
not impact substantialiy on interpretation of their resuits.
 ^FIRST, Dodane et al. assign to sewerage the high capitai and operationai costs of the existing activated siudge WWTP, 
expiicitly ruling out lower-cost soiutions such as lagoons because of lack of land (see page 3709 of their article); whereas 
the on-site sanitation analysis inciudes the substantiaily lower capital and operational costs of the existing faecal sludge 
treatm ent plant (FSTP) comprising settling/thickening tanks foiiowed by unplanted drying beds "with the effiuent going to 
the WWTP"; there is no recognition of the fact that land constraints on drying beds for future FSTP scale-up are likely to be 
just as severe as the constraint aiready applied in assuming that sewerage requires an activated siudge piant; nor does the 
analysis account for the fact that the FSTP forms part of the activated sludge WWTP, and is dependent on it for effiuent 
treatment. If we assume that both systems require the activated siudge WWTP (with its FSTP component), and using the 
data pubiished oniine as Supporting Information for Dodane et al. (2012), the per-household capital cost of on-site 
sanitation increases by about $100. SECOND, the anaiysis for sewerage appears to be based on a requirement for 26 
pumping stations for 230,000 peopie, i.e. one pumping station for about 8840 peopie, each pumping station costing about 
$1.5 miliion, which appears to be an extremeiy high estimate for pumping station costs; for example, my own data for 
Ouakam indicate that a substantiai pumping station was constructed for $0.4 miiiion; if we conservatively suppose that 
Dodane et al. have over-estimated the totai cost of pumping stations by about 50%, this brings the total capital cost of 
sewerage down by about $850 per household. THIRD, the analysis for FSM is based on a nominal projected number of 
system users obtained as the design capacity of the FSTP plan; whereas for sewerage, the actual number of current users is 
applied (a more conservative assumption resuiting in higher per-capita costs). FOURTH, the FSM anaiysis assumes one 10 
m  ^truck serving 41500 peopie, but there appears to be an error in their analysis here, since appiication of their own 
assumptions impiies a need for 17 trucks, not just one; correcting this error increases the per-household cost of on-site 
sanitation by $110. FIFTH, septic tanks (as used in the caicuiation of on-site sanitation costs) are assumed to have a iifespan 
of 50 years, whereas sewers are assumed to have a iifespan of oniy 30 years: no justification is given for this decision, and 
aithough it does not have much impact on finai annuaiised cost estimates, it is indicative of what I would consider to be 
systematic bias in favour of on-site sanitation soiutions. Even just taking into account these identified issues in Dodane et 
ai.'s anaiysis brings sewerage down to oniy 7 times more expensive than on-site sanitation ($5550 per household versus 
$790 per household), not 10 times more expensive as suggested by the authors.
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estimate of the cost of conventional sewerage, and they state that "the capital costs o f 
settled sewerage are well accepted to be less than conventional sewers". If we subtract the  
cost of the w astewater treatm ent plant from Dodane et al.'s estimate of per-household 
Year-0 capital cost of sewerage cost, we obtain US$ 5250 (6400-1150). M y estimate of 
$2500 is about 48% of this value.
Willets et al. (2010) have compared the costs of different sanitation solutions in a town in 
Vietnam: although the text of their report does not fully clarify the exact nature of the  
solutions being compared, it appears that they are comparing a settled sewerage system 
with centralised treatm ent (trickling filter) with settled sewerage discharging to  
decentralised treatm ent plants (anaerobic reactor + anaerobic filter + planted horizontal 
gravel filter). They did not include the cost of septic tanks (interceptor tanks) in their 
analysis. They estimate the total capital cost per household to be around $1100 for the  
centralised system, versus around $600 per household for the decentralised system. These 
estimates (based on cost projections, not actual costs as explored in the present study and 
that of Dodane et al.) seem very low, but suggest that it may be of interest to  look at 
decentralised treatm ent aproaches. One of the cost benefits of such systems noted by 
Willets et al. is that decentralised treatm ent models enable an incremental modular 
approach to infrastructure: by contrast, a centralised treatm ent plant must be built in Year 
0 with capacity to  m eet projected demand 20 or 30 years downline.
The wide disparity of cost estimates reported here underline the enormous difficulties 
inherent in obtaining generalisable and meaningfully comparable estimates of the fixed, 
recurrent and lifecycle costs of different sanitation solutions. I believe that my estimate of 
around $2500 per household is a grounded and reasonable estimate of the Year-0 capital 
cost of settled sewerage under the PAQPUD project (operational schemes only), excluding 
wastewater treatm ent; however, I would be very cautious of generalising this result to  
other contexts. M y findings also show that the final cost was much higher than the initially 
projected US$ 980 per household, similar to the estimate obtained by applying the  
Loetscher & Keller (1999) formula. Thus my results suggest that application of the Loetscher 
& Keller (1999) formula may be unreliable; however, comparison of my results for settled 
sewerage and Dodane et al'.s results for conventional sewerage suggest that it may be 
reasonable to use Loetscher & Keller (1999)'s estimate that the capital cost of settled 
sewerage (excluding w astewater treatm ent) is around 40% that of conventional sewerage.
Capital cost versus lifecycle cost: I have up to  this point considered Year-0 capital costs of 
sewerage systems, based on my own research and that of others. My own research has not 
provided information on lifecycle costs of sewerage systems, nor have I collected data on 
Year-0 capital costs or lifecycle costs of non-sewered systems in Dakar or elsewhere. 
Dodane et al. estimate the operating costs of (conventional) sewerage systems to  be about 
1.5 higher than those of an FSM system based on septic tanks and tanker emptying in the  
area of Dakar considered by them (about 220 people per hectare). They estimate the  
lifecycle costs of conventional sewerage to be about 5 times those of an FSM system.
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Costs versus benefits: To this point, I have considered costs (focusing on financial costs to 
governments and donors) w ithout considering benefits. By directly comparing the costs of a 
sewerage system and a non-networked sanitation system, we are implicitly assuming that 
the benefits o f the tw o types of system are similar. In their analysis of the fixed and 
recurrent costs of sewered and on-site sanitation in Dakar, Dodane et al. (2012) assume 
that "both systems are equivalent and are providing the same service (i.e., adequate 
protection o f human and environmental health)". But is the assumption reasonable? The 
findings of my meta-analysis suggest that replacement of an on-site sanitation system with 
a sewerage system has tended to have significant and substantial health benefits, indicating 
that in at least some contexts this assumption is not reasonable. Conversely, my evaluation 
of the PAQPUD project suggests that some of the schemes may have had no health impact 
or possibly a negative impact (as already discussed in Section 6.1): either because they 
were in moderate-density permeable-substrate districts in which septic tank systems were 
probably functioning perfectly well (e.g. Cité Ousman Fall), or because the system was so 
dysfunctional that it created problems (e.g. Rufisque).
Financeability: Let us suppose that, for a given city X, w e have perfect information about 
the lifecycle costs and benefits of different sanitation strategies ("solution mixes"), allowing 
us to unequivocally identify the most cost-effective mix. However, it is entirely possible that 
the most cost-effective mix will have higher initial investment cost (CAPEX cost) than 
alternatives with lower cost-effectiveness. In a simplified planning world in which all 
investors had unlimited access to loan capital at a fixed interest rate, we could simply 
incorporate the cost of capital into our cost-benefit analysis. In the real world, however, the 
relevant actors do not have unlimited access to  capital: development banks and other 
major suppliers of major grant or concessional-loan finance have limited resources 
available for urban sanitation, and national governments and other relevant in-country 
investors have limited own resources, limited access to  grant and concessional loan finance, 
and limited capacity and appetite for concessional or commercial loan finance. As a result, 
financeability (affordability) becomes relevant. Setting up a major sewerage system from  
scratch clearly implies very high up-front costs, both for the network and the treatm ent 
plant; and by comparison with non-sewered systems, the state and donors will generally 
have to bear a much higher proportion of this total capital cost. Furthermore, a non- 
sewered system can be developed gradually, as finance becomes available and as 
populations grow: gradual expansion is of course possible with a sewerage system, but 
much more constrained than for non-sewered systems. Financeability is thus a clear and 
highly relevant difficulty with sewerage as a sanitation solution.
To conclude this section: lifecycle costs and financeability of sewerage, by comparison with 
alternative solutions, are clearly very important in assessing appropriateness of sewerage in 
any given context. However, it is very difficult to draw generalisable conclusions about 
relative lifecycle costs, and extremely difficult to quantitively estimate lifecycle cost-benefit 
ratios (see Box 7). It is perhaps more useful in practice to focus on identification of districts
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in which sewerage is clearly necessary and clearly feasible, then to consider how to raise 
capital for the necessary investment: I suggest that generalised judgements about the cost- 
effectiveness of sewerage are of limited value.
Box 7. Lim itations o f  using generalisable  un it costs as a basis fo r  decision-m aking.
In the development aid sector and associated research, there is strong pressure to identify the 
per-capita or per-household cost (capital cost or lifecycle cost) of different sanitation solutions; 
this ties in w ith a strong (and certainly laudable) tendency towards ensuring that development 
aid is good "value fo r money". For example, the WASHCost project^ states that "lack o f 
accurate information [...] makes it impossible to estimate the true cost o f extending sustainable 
and good quality water and sanitation services to the poor"; "WASHCost aims to promote the 
use o f cost data fo r  budgeting and planning, so that national and local government actors, as 
well as donor agencies and NGOS can align their sector investments, decisions, and plans. 
WASHCost's vision is to push fo r  stakeholders to come together and look a t the costs o f 
sustainable service delivery, not jus t capital costs". Authors like Hutton & Bartram (2008) have 
attempted to assess per-capita costs of different sanitation solutions on a global level: for 
example JMP (2000) estimates of US$ 64 per capita for "small-bore sewerage” and US$ 147 per 
capita for "conventional sewerage”  in Africa. In view of the present analysis o f the PAQPUD 
project and of previous sewerage projects, I argue that -w h ile  location-specific cost projections 
are clearly centrally important in any sanitation planning process- we should be very cautious 
about the value of geographically generalised estimates,^ for the following reasons:
■ As seen in the present evaluation, a difficulty arises in inefficient projects: should the 
generalisable cost be estimated on the basis of the observed cost efficiency, or on the basis 
of the potential efficiency had the project been better managed?
■ The capital costs of any sanitation solution, and particularly a networked solution, can be 
expected to vary enormously from context to  context (Kalbermatten et al. 1982). This is true 
even if we assume reasonable efficiency (i.e. the cost is not inflated as a result of inefficiency 
or corruption), because of geographical variation in materials and labour costs, and because 
of differences in spending requirements: in the case of sewerage, costs w ill vary dramatically 
depending on context-specific factors such as ease of excavation.
■ Lifecycle costs (i.e. per-annum costs obtained by taking into account both capital cost and 
operation and maintenance costs) can likewise be expected to vary enormously from context 
to  context.
■ Independently of context-dependent and geographical variation, all cost components, and 
especially lifecycle O&M costs, are very d ifficult to  accurately evaluate; this is particularly true 
of large incremental systems (such as sewerage networks), where estimation of the true cost 
of each new connection will typically require some partial allocation of very large sunk costs 
(e.g. prior investment in a wastewater treatm ent plant).
 ^ http://www.washcost.info/
 ^Notwithstanding this view that it is very difficult to obtain accurate and geographically generalisable estimates of the life­
cycle costs of different sanitation solutions, I consider that specific ex-post evaluation of the cost-effectiveness of particular 
investments is critically important for ensuring investment efficiency.
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6.2.3. So WHEN CAN SEWERAGE BE APPROPRIATE?
The preceding section has unpacked the dimensions or criteria on which the  
appropriateness of sewerage for African cities can be assessed:
1. Health need: Will sewerage lead to  significant health benefit over that achievable by 
improving on-site sanitation?
2. Pro-poorness: Can sewerage genuinely serve the poorest members of the community?
3. Technical feasibility: Is sewerage a feasible option in view of factors like topography and 
substrate hardness?
4. Socio-legal feasibility: Is sewerage a feasible option in view of factors like rational land- 
use planning?
5. Implementation reliabiiity: Is the institutional and business context adequate for large- 
scale construction projects?
6. O & M  sustainability: Is the institutional context and system design adequate to ensure 
system maintainability?
7. Social acceptability: Is the sewerage option (including cost implications) attractive to  
people in the community?
8. Environmental acceptability: Is sewerage an acceptable solution in terms of likely 
environmental impacts?
9. Resilience to future change: Is sewerage an acceptable solution in terms of resilience to  
future change?
10. Cost-effective ness and financeability: Is sewerage the most cost-effective solution, and 
is capital available?
In view of this research and other relevant evidence, then, and with reference to these ten  
criteria: can sewerage be an appropriate sanitation solution for low-income communities of 
African cities? The direct answer to this question is simple: certainly sewerage can be an 
appropriate solution in some circumstances. But this leads immediately to  a much more 
difficult and interesting question: under what circumstances can sewerage be appropriate? 
Are these circumstances widespread or infrequent?
There are tw o types of ground for responding to  this question: first, on the basis of 
experience to date, and second, on the basis of assessments of what should work. The 
second type of ground may appear weak: but in the context of sanitation for poor districts 
of African cities, experience of all types of sanitation model (whether sewered or non- 
sewered) remains widely negative, such that genuinely evidence-based decision making 
remains an aspiration rather than a feasible reality. To take the central example of the 
present research: while the PAQPUD settled sewerage project in Dakar has shown 
numerous problems at various levels, the competing systems (including septic tank-based 
systems in high-water-table areas) are likewise enormously problematic. Furthermore, and 
despite the evident and serious problems with the PAQPUD settled sewerage project.
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certain aspects of this project are highly promising: if the key problems of this project could 
be learned from and corrected in future projects in Dakar and elsewhere, there is good 
reason to believe that settled sewerage could be a very effective solution for certain types 
of community. [In particular, and as detailed in Section 5.3.6, future projects of this type 
need to ensure a) effective structures for procurement, contract management and 
disbursement; b) reliable tax- and/or user-derived revenue streams for operation and 
maintenance; c) a focus on districts that genuinely need sewerage; and d) better systems 
for ensuring that household-level subsidies are genuinely targeted towards the very poor, 
and off-set by a greater contribution to costs from less-poor households. Ways in which 
these goals might be achieved are explored in Section 6.3.]
Bearing in mind these considerations, in Box 8 overleaf I outline a simple decision 
procedure by which the appropriateness of sewerage for a given city or town might be 
initially assessed. This is a simple decision approach based on stepwise consideration of the  
10 criteria defined and discussed above. The ordering of the criteria is the order in which I 
suggest that these criteria need to be considered. For example, I suggest that the first 
question that needs to be answered in any given context relates to health need: if all or 
most areas of the city have low population densities, permeable soils and protected 
drinking w ater sources, such that on-site sanitation can be perfectly effective, there is 
unlikely to  be any health benefit to be gained by introducing sewerage, and w e can rule out 
this possibility from the outset. By contrast, if significant areas of the city have high 
population densities and widespread faecal contamination of the local environment 
resulting from failure of on-site sanitation systems (e.g. pour-flush toilets discharging to  
informal street drains), w e can expect the introduction of sewerage - i f  correctly 
operational- to  have a strong positive health impact, and should therefore look more 
carefully at this option.^
 ^The view that health impact should be given fundamental primacy in urban sanitation planning has been justified in Section 
1.2. It may be considered a moral axiom rather than a scientific conclusion: but meaningful discussion of sanitation 
planning is not possible without definition of the underlying axioms. An alternative axiom, not foiiowed here, would be that 
sanitation planning should be fundamentally rooted in the market, i.e. in individuals' ability and willingness to pay for 
sanitation services.
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Box 8 . Decision procedure fo r  assessing w h eth er sew erage  is an a p p ro p ria te  investm ent in a given city.
This is a proposed procedure fo r  in itia l assessment o f whether sewerage may be an appropriate 
solution in a given context; evidently, comparative assessment o f candidate sanitation solutions 
in any context must be context-specific and based on detailed analysis o f local factors, including 
community aspirations. Note also that this procedure has not yet been tested or validated, and 
would certainly need to be expanded in greater detail before application.
1. Health need: Will sewerage lead to significant health benefit over that achievable by 
improving on-site sanitation? If the city has substantial residential areas with high population 
density, where on-site sanitation systems are currently failing (e.g. widespread discharge of 
faecal wastewater to  informal drains; frequent seasonal flooding of latrines and septic tanks), 
then sewerage should be considered: proceed to Criterion 2. By contrast, if the city has 
relatively low population densities and permeable soils favourable for on-site sanitation, the 
health benefits can probably be achieved by improving on-site sanitation systems: major 
investments in sewerage are probably not justified.
2. Pro-poorness: Are government and other key institutions (including donors) genuinely 
committed to pro-poor service improvement? It is here taken as axiomatic that major aid 
investments in urban sanitation (most notably grants and concessional loans from the major 
development banks) should focus on very-low-income urban areas, including informal 
settlements. Thus in deciding whether sewerage can be an appropriate pro-poor investment in 
a given context, we need to ask whether the government and other key institutions (e.g. 
municipality, water and sanitation utility, regulator) are genuinely committed to services 
improvement in very-low-income communities. [Often we see a nominal commitment to  slum 
communities, but in practice the investment is steered by both donors and in-country 
institutions towards low-middle- and middle-income areas w ith less pressing sanitation need, 
for reasons including higher willingness to  pay, and less complex land ownership and layout.] If 
the answer to this question is Yes, proceed to Criterion 3. If the answer is No, sewerage cannot 
be considered an appropriate donor investment (except in aid/investment contexts in which 
pro-poorness is not a primary requirement).
3. Technical feasibility: Is sewerage a feasible option in view o f factors like topography and 
substrate hardness? In the candidate low-income communities, is sewerage a viable option in 
terms of the factors discussed in Section 6.2.2.3 (presence of rock near the ground surface, soil 
impermeability, water table near the ground surface and/or regular flooding, water supply, 
anal cleansing materials, topography, population density, housing types and layout, and 
presence of existing infrastructure)? Key determinants here are exacavation difficulty and 
population density. Note that household water supply is not necessary for settled sewerage 
(which can depend on low-volume pour flush) or for sewered communal/public toilets. If 
sewerage is initially judged technically feasible (pending more detailed costing), proceed to 
Criterion 4.
4. Socio-legal feasibility: Is sewerage a feasible option in view o f factors like land ownership? In 
the candidate low-income communities, is sewerage a viable option in view of factors 
discussed in Section 6.2.2.4 (settlement permanence, land ownership régularisation, legal 
framework)? If the candidate low-income communities cannot be considered permanent 
settlements (e..g because they are in locations clearly unsuitable for residential use), sewerage 
must almost certainly be ruled out. If there are difficulties related to  land ownership 
régularisation and legal framework, these may argue against sewerage: but it needs to be born 
in mind that these challenges are invariably more likely to arise in informal settlements, so that
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a more constructive approach will be to try  to overcome them. If these challenges can be 
overcome, proceed to Criterion 5.
5. Implementation reliability: Is the institutional and business context adequate fo r  large-scale 
construction projects? Jh\s is a city-level assessment of the risk that a sewerage construction 
project w ill fail because o f weak institutional capacity, including poor contract procurement 
and risk of procurement corruption, weak contractor capacity, and capacity fo r contract 
oversight. The relevance of this criterion will depend on the degree of external control of 
planning, procurement, management and quality control: if project implementation is basically 
to  be entrusted to in-country institutions, there must be very stringent examination of capacity 
and corruption risk. By contrast, if there w ill be strong external control (whether direct control, 
or some form of results-based disbursement), the requirement is for stringent control 
mechanisms. If implementation reliability can be assured in either of these ways, or through a 
combination of both, proceed to Criterion 6.
6. O&M sustainability: Is the institutional context and system design adequate to ensure 
system maintainability? This is a city-level assessment of the likelihood that appropriate 
mechanisms will be put in place to ensure a reliable revenue stream for system operation and 
mantenance. This revenue stream might come from householder tariffs or from some form of 
tax (including cross-subsidy from less-poor customers of the sewerage operator). A common 
problem (as seen in the Dakar project) is that these issues are not sufficiently defined at the 
project planning stage. Effective long-term management of slum sewerage systems requires 
O&M to be substantially financed from a defined public revenue stream, most likely a defined 
alllocation from the total citywide water and sewerage revenues; depending primarily on in­
slum tariffs is unlikely to be viable. If a genuinely effective system can be put in place to ensure 
revenue streams for O&M, proced to  Criterion 7; if not, the sewerage option should be firm ly 
rejected.
7. Social acceptability: Is the sewerage option (including cost implications) attractive to people 
in the community? In the candidate low-income communities, do people actually want 
sewerage? In general people in slum communities will certainly want sewerage, but of course 
they must also be genuinely willing to pay any fixed costs (possibly including not just 
connection fee but also to ile t construction costs) and any recurrent tariffs that have been 
incorporated into the financing model. This question therefore relates closely to 6 (to what 
extent will O&M be financed by households?) and 10 (to what extent will capital costs be 
financed by households?), which in turn relate closely to pro-poorness. If there is good reason 
to  suppose that sewerage is attractive to slum dwellers, and that a financing model can be 
developed which achieves high coverage, service sustainable and affordability fo r all 
households, then proceed to Criterion 8.
8. Environmental acceptability: Is sewerage an acceptable solution in terms o f likely 
environmental impacts?Th\s criterion requires a judgement about likely net environmental 
impact, bearing in mind that a sewerage system may have negative impacts as well as positive 
impacts. A key concern here is discharge of inadequately treated waste to a river or lake tha t is 
used for drinking water abstraction; discharge to the sea may (?) be less problematic. 
Assessment on this criterion will therefore require consideration of treament facilities and 
eventual discharge locations. If likely environmental impacts can be judged positive or at any 
rate acceptable, proceed to Criterion 9.
9. Resilience to future change: Is sewerage an acceptable solution in terms o f resilience to 
fu ture change? Relevant future changes include political instability, urban growth, economic 
crises, energy price hikes, and climate change. A key concern is pumping costs: if these are 
high, the system will be highly susceptible to future energy price hikes or exchange rate 
fluctuations.
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10. Cost-effectiveness and financeabillty: Is sewerage the most cost-effective solution, and is 
capital available? Th]s is clearly a critical decision determinant. In most contexts sewerage will 
have higher capital costs than on-site sanitation improvements, but true lifecycle cost- 
effectiveness of different possible solutions is extremely difficult to  assess. Construction costs 
evidently need to be estimated fo r each particular location, and compared w ith the costs of 
alternative solutions. Certainly, sewerage will generally be ruled out in areas where 
construction cost would be very high (e.g. where the substrate is basically rock). [See also 
discussion at end of Section 6.2.2.10.]
In view of the discussion in Section 6.2.2 and the decision approach outlined in Box 8, can 
any wider conclusion be reached about whether sewerage is appropriate in many African 
cities, or only a few? I am unable to  explore this in any empirical manner: I have not applied 
the decision approach outlined in Box 8 to  a wide range of African cities, with the aim of 
obtaining a grounded assessment of the proportion of such cities in which sewerage may an 
appropriate solution for low-income districts. However, if w e consider cities like Dakar, 
Nairobi and Accra (i.e. major million-plus cities in low-income countries with reasonably 
stable political systems, all with existing conventional sewerage systems), in all three there  
are clear arguments for extension of sewerage into certain low-income districts: in 
particular, high-density low-income districts within reasonably easy reach of the existing 
network. I suggest that in most major African urban agglomerations sewerage is the 
solution of choice for significant areas of the city. Nonetheless, in some countries (obvious 
examples include Nigeria and DRC), institutions have such weak capacity, and/or are so 
deeply pervaded by corruption and lack of public service ethic, that major investments such 
as sewerage are likely to be ruled out at the outset. Even in more favourable contexts, 
sewerage investment by international donors can only be justified under grant or loan 
modalities^ that rigorously ensure genuine pro-poorness, genuine implementation  
reliability and genuine O&IVI sustainability (see Points 2, 5 and 6 in Box 8 above): in other 
words, and as seen in the present study of Dakar and elsewhere, there are very significant 
risks that sewerage investments will a) be diverted from very poor areas,^ b) suffer from  
poor management or corruption at the construction stage, and/or c) lack reliable tax- and 
tariff-derived revenue streams for ongoing operation and maintenance. Only sewerage 
projects that introduce strong mechanisms to avoid these problems are likely to succeed.
6.2.3.1 Underlying ideological influences on decision processes
In the final analysis, decisions on whether to invest donor and government money in 
sewerage for slum communities are likely to be influenced by underlying beliefs about how 
social development can best be achieved, i.e. by the decision-maker's political viewpoints.
 ^ It is beyond the scope of this project to consider such modalities: the reference here is to results-based approaches like 
output-based aid (OBA) and incentivising/milestone-dependent approaches like progress-linked finance (seeTremolet et al. 
2010, Mason et al. 2011), but also where necessary to maintenance of more direct control of implementation and 
disbursement by financing institutions, as discussed in the context of the Dakar project in Section 5.3.5.
 ^For reasons that may include reluctanc of financing institutions themselves to work in informal settlements with complex 
land ownership issues, local political mafia difficulties, and poor prospects for leverage of household finance.
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It is easy to deny this as invalid ("decisions should always be evidence-based"), or to feel 
that one's own decisions are evidence-based while those of people in other camps are 
ideoiogically driven. But in contexts like the present context, there is simply no 
incontrovertible evidence base available: no m atter how much we analyse the available 
historical data on slum sanitation, it remains very difficult to identify approaches that work 
best, such that ongoing decision-making must necessarily be based substantially on theory- 
based judgements about what should work best. Here, then, I discuss these issues, and 
explictly state my own ideological viewpoint.
As recently explored by Banerjee & Duflo (2011), development theorists can be usefully -  
albeit somewhat simplistically- characterised into tw o camps: those who consider that 
market-based solutions can resolve key development problems, and those who consider 
that State-led provision is essential. Sewerage, through its dependence on fixed networks 
and requirem ent for major investment in communal components (sewer mains, 
wastewater treatm ent plants), is almost by definition a centrally provided public service, by 
contrast with on-site sanitation systems which - in  low-income countries as in high-income 
countries- are largely market-based, with households paying for construction of the facility, 
and for emptying as required, typicaily by a private contractor.^
Decision-makers who believe that slum sanitation can and should be treated as a business, 
primarily financed by householders willing to  pay for improved sanitation, will inevitably 
tend towards non-networked sanitation solutions. This viewpoint tends to  prioritise 
"affordability" (see e.g. BMGF 2011). In its strongest manifestation, this viewpoint argues 
that poor people should themselves pay the entirety of the capitai and recurrent costs of 
their sanitation solutions, such that decisions about appropriate sanitation solutions 
become centred around assessments of "willingness to pay" and identification of solutions 
that fall within the assessed affordability, often associated with "sanitation marketing" 
initiatives aiming to increase people's willingness to pay (see Joshi, Fawcett & Mannan  
2011). W eaker manifestations of the same viewpoint relax the requirements somewhat (for 
exampie, allowing for partial subsidy of capital costs), but retain the underlying m arket- 
based philosophy.^ This way of thinking has been criticised (Banerjee & Duflo 2011) on the  
grounds that it may be very difficult to  achieve socially valuable goals (such as slums 
without faecal contamination) through market-based approaches, because the things that 
poor people are willing to pay for will often not include the things (like improved sanitation) 
that ensure public health and wellbeing. Furthermore, poor people may simply not be able 
to pay enough to achieve the desired public benefit.
Conversely, decision-makers who beiieve that slum sanitation should be treated as a public 
service, primarily financed by taxes and transfers, are likely to tend towards sewerage, or at
‘ The contrast between low- and high-income countries here lies in the extent of dependence on on-site solutions in urban 
areas: in high-income countries, high-density areas are typically served almost entirely by sewerage systems.
 ^It should be noted that there is another important argument here, which is that maximising householder investment will 
tend to ensure that the sanitation solutions adopted are appropriate and meet a genuine demand, and will tend to increase 
feelings of ownership and thus tend to increase the likelihood that the toilet will be well maintained.
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any rate to on-site systems involving a public service elem ent. M y own view, based on the 
present research and wider considerations, is that sanitation in high-density slum 
communities will never be resolved by individual solutions driven by willingness to pay, for 
reasons including a) the strong externalities of sanitation (such that improving my 
sanitation arrangements has major benefits for other people in my community; and the 
very im portant corollary to this, that my own sanitation improvements will be of limited 
value if my neighbours don't also make improvements); and b) the low likelihood that poor 
people will maintain good sanitation without this being a heavily subsidised public service 
with a strong elem ent of compulsion. Interestingly, Banerjee & Duflo (2011) draw precisely 
on urban sanitation as an example of an area that clearly requires government investment. 
They argue (page 69) that in high-income countries we have resolved urban w ater and 
sanitation by taking it out of the domain of individual decison-making, and making it a 
public service for which we are charged and from which there is no easy opt-out: why then 
should we expect very poor people in slum communities to  resolve this issue through 
myriad individual decisions based on willingness to  pay? A similar view has been expressed 
by Lobinas & Hall (2009), who state that "Public services are essential fo r sustainable pro­
poor development. For many years, public sector solutions to w ater and sanitation crises fo r  
the poorest people have been dismissed as unaffordable and idealistic. [...] Against 
conventional wisdom, [we believe] that the cost o f implementing urban public sewerage 
systems is affordable and can be m et through taxation fo r  most countries".
The central critique of the "leftwing" view is that it is unrealistic: better to  promote 
affordable systems that communities can self-sustain over time, rather than systems that 
are too expensive to build on the scale required, and too expensive to  maintain in the long 
term . Conversely, the central critique of the "rightwing" view is that it won't actually 
resolve the problem: in dense urban communities, genuine improvements in sanitation 
require substantial and ongoing public spending, and fundamentally this requires African 
national and municipal governments to  improve governance standards and to develop 
equitable taxation and expenditure systems so that they can achieve minimal social 
welfare. Certainly affordability is a relevant consideration, and approaches that strive to  
leverage household finance have clear advantages, in terms of achieving financing and of 
augmenting ownership and ensuring that products and services m eet people's real needs 
and aspirations; but in dense urban contexts I suggest that the critical issue is one of public 
investment and public revenue streams; in other words, effective and equitable taxation.
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6 .3 . IMPROVING SEWERAGE PROJECT OUTCOMES
Assessing whether sewerage can be an appropriate solution for African cities, and if so 
under what circumstances, was a key starting driver of this thesis. In line with this, the  
previous subsection (6.2) has discussed criteria by which w e can identify contexts in which 
sewerage may be an appropriate solution. However, it is certainly the case that exploration 
of whether sewerage is an appropriate solution in a particular context requires detailed 
analysis in that context. So although this thesis has been able to generate some general 
lessons about when sewerage can be appropriate, it is at least as interesting to explore 
ways o f improving the outcome o f sewerage interventions in contexts in which sewerage 
has already been judged appropriate. The findings of this thesis have highlighted diverse 
positive and negative lessons from the Dakar PAQPUD project and other sewerage projects 
in African cities, providing a strong basis for inference and recommendations for future  
projects. So this subsection focuses on ways of improving sewerage interventions in African 
cities, at the design and implementation phases.
6 .3 , 1 .  S e l e c t in g  t h e r ig h t t e c h n o l o g y
This section presents recommendations on how to  identify appropriate technical solutions 
when designing a sewerage intervention for a low-income district.
Should sewerage systems fo r low-income communities necessarily be low-cost systems?
Low-cost sewerage was defined at the outset as "a sewerage system designed in such a way 
as to reduce the financial cost and technical complexity of construction and maintenance."^ 
But as noted in the Introduction, this thesis defines its area of interest as pro-poor 
sewerage: in other words, piped sewerage solutions of any type (w hether "low-cost" or 
"conventional") that serve low-income communities. Often, the term  "low-cost sewerage" 
is used in reference to district-level networks which drain to  "conventional" sewer mains; 
conversely, supposedly "conventional" sewerage systems in African cities may often drain 
to wastewater treatm ent facilities of much lower technical sophistication and cost than 
would typically be seen in high-income countries (for example, the extensive Nairobi 
system drains to a lagoons-based treatm ent plant). Sanitation specialist Kevin Tayler 
(personal communication. M ay 2011) suggests that a more useful term  than "low-cost" is 
"appropriate": what is im portant is that system design be appropriate for the context. 
Clearly, capital investment finance and available operating revenues (w hether from  
households or from governments) are invariably going to  be lower for low-income districts 
of African cities than in high-income countries, and this will of course impact on technology 
choices. But this does not mean that options with low capital cost are automatically 
preferred. In the present evaluation of the PAQPUD project, fo r example, under-design of
‘  This definition continues as follows: "The system may be a solids-transporting or solids-free system. The system may receive 
wastes from individual household toilets, or from communal or public toilets. Once piped off-plot, the sewage may be 
eventually be treated in some way, or may be discharged untreated. The system may be separate or in some cases 
combined. Solids and/or liquids may enter a city-wide trunk sewer network, or may be piped only a relatively short 
distance."
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inspection chamber covers (coupled with contractor cost-cutting) produced clearly 
substandard results, and in many cases it would surely have been preferable to  opt for 
higher-quality prefabricated plastic covers from the outset. The Orangi Pilot Project, noted 
for extreme cost reduction to  allow absolute independence of donor funding, is reported to 
have severe construction quality issues (Kevin Tayler, personal communication. May 2011). 
At the other end of the investment scale, sewer mains and associated large infrastructure 
such as pumping stations clearly need to be constructed to  internationally accepted quality 
standards. Indeed, some respondents polled for my expert opinion survey argued that 
"low-cost sewerage" is often not low-cost at all, because costings tend not to take proper 
account of required major infrastructure (e.g. wastewater treatm ent plants), and because 
many of the cost-saving strategies applied reduce investment costs only at the expense of 
increased operating costs and/or reduced system performance and lifespan. Thus there are 
diverse ways in which the investment costs and operational complexity of sewerage can 
sensibly be reduced; but excessive cost cutting is likely to  be counterproductive.
Solids-free or solids-transporting?
The decision between solids-free and solids-transporting sewerage in any given location is 
complex and clearly context-dependent, depending on aspects including cost of 
construction of steep-gradient networks, presence of existing septic tanks, and anal 
cleansing behaviours. On the basis of various components of the present research, 
however, I argue in favour of settled sewerage as a widely appropriate technology for low- 
income settlements, since it allows narrower pipe diameters and flatter slopes (reducing 
cost), and since the risk of local-network blockage is likely to be reduced. This solution does 
not entirely resolve faecal sludge management issues (i.e. some solid components of the  
waste remain on-site), but as indicated by my own observations in Dakar, and as reported 
by other sewerage researchers (e.g. Kevin Tayler personal observations from Dhaka, May 
2011), liquids drainage from septic tanks can greatly reduce the required emptying 
frequency. Indeed, Kevin Tayler reports observations from Dhaka suggesting that sewered 
septic tanks may in fact never need emptying, perhaps in part because of fast sludge 
digestion in warm climates, in part because the tanks eventually trap very little and 
discharge most solids via the outflow. This is, in my opinion, a very interesting area for 
future research: how can simple sewered tank systems be best designed in such a way as to
a) keep capital costs and spatial footprint low; b) prevent liquid outflow to the 
environment;^ c) trap bulky solids (including floating solids like plastic bags, and also 
possibly including sand) within the tank in a manner that it is difficult for septic tank owners 
to  over-ride (so ensuring that a narrow-pipe low-gradient system can function effectively); 
d) produce a liquid outflow that is sufficiently fluid to  flow well with low gradients (again 
ensuring that a narrow-pipe low-gradient system can function effectively); and e) achieve 
as much in-tank digestion as possible, this reducing required emptying frequency and the  
organic load of the effluent? Certainly, and as noted by several respondents in my expert
‘ In some areas of the PAQPUD project, contractors discovered towards the end of the project that pre-fabrlcated plastic 
septic tanks were not only more reliably impermeable than impermeabilised masonry tanks, but also cheaper and much 
easier to install in locations with high water table at the time of installation.
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opinion survey, the need for a sewered septic tank (interceptor tank) adds an additional 
capital cost requirem ent by comparison with solids-transporting sewerage, in which a flush 
toilet dischages directly to the network, and at the same tim e retains a requirem ent for 
tank desludging. Nonetheless, these costs must be weighed against those of constructing 
and operating a functional solids-transporting network (requiring steeper gradients and 
wider pipes), and dependent on consistent cleansing flows, which requires both high 
connection rates (often difficult to  achieve) and a greater hour-to-hour and day-to-day 
continuity of w ater supply than is commonly seen in slum settlements of African cities. For 
the type of slum habitat for which sewerage is most likely to be appropriate (high 
population density, extensive faecal contamination as a result of escape of blackwater from  
latrines and septic tanks), settled sewerage is a highly attractive solution. This ties in closely 
to  the next subsection, which considers pragmatic ways in which sewerage can be 
introduced incrementally into slum settlements, providing for drainage from toilets 
connnected to the network, but at the same tim e providing a solution for disposal of 
wastewater and sludge from non-networked toilets.
Incremental and hybrid networked/non-networked approaches
A common failing of slum sewerage interventions, as discussed in my review of previous 
interventions (Section 3.2.2), has been much a lower coverage rate [i.e. proportion of 
households connecting to the network] than was expected and than is required a) for 
effective system function (particularly of solids-transporting systems requiring self- 
cleansing flow), b) for adequate revenues for operation and maintenance, and c) for health 
impact (which can be expected to  be dependent on a community-wide reduction in faecal 
contamination levels). In the operational schemes achieved under the PAQPUD 
intervention in Dakar, coverage rates were actually high by comparison with most previous 
sewerage interventions, but nonetheless much less than 100% (about 30% in Ouakam and 
Mbao, about 50-60% in Ngor; see page 95, Table 12, Statistic I).
A key underlying reason for low connection rates, as seen in the PAQPUD project and as 
discussed further in Section 6.3.3 below, is that poor owner-occupiers and slum landlords 
are often not able or not willing to pay for the in-plot components of a sewerage system 
(i.e. a pour-flush toilet if none is present; an interceptor tank if required for a settled 
sewerage system; and the pipe-work from toilet to  street sewer, or toilet to tank to  street 
sewer). Section 6.3.3 discusses ways in which this obstacle can be overcome; but at the  
same tim e it is worth thinking about ways in which slum sewerage schemes can be viable 
despite non-100% coverage. A very interesting model here is that currently being 
developed in areas of the Kibera slum in Nairobi, following tw o recent pilot-scale sewerage 
projects; the EU-financed Mukuru project implemented by Nairobi W ater in partnership 
with Practical Action, and the AusAID/USAID-financed Kambi M uru /M akina project 
implemented by Nairobi W ater in partnership with W ater & Sanitation for the Urban Poor 
(WSUP) (see Section 5.4.2). These projects have focused not on achieving individual 
household connections, but on connecting communal toilets serving small groups of 
households, and in both cases early reports suggest reasonably good outcomes (though I
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have observed apparent landlord appropriation of some toilets in the Mukuru project, and 
cannot rule this out in the Kambi M uru/M akina project, outcomes of which have not yet 
been evaluated in detail). Sewering communal toilets (as opposed to  expecting connections 
by individual households) is a more realistic aim in low-income settlements, and may be the 
only viable solution in settlements in which most people are tenants occupying very small 
dwellings within a landlord-owned compound.
Of particular interest, though, is a novel component of the Kambi Muru project: sewered 
public toilets with septic tanks that double as holding tanks for wastewater and sludge 
collected from local non-networked sanitation facilities. As far as I am aware, this is the first 
tim e that this approach has been trialled. Two such toilets have been constructed, 
alongside a capacity development programme to support local self-employed pit emptiers 
to  use improved methods and technologies including the Guiper (a hand-operated sludge 
pump). The septic tank of the public toilet has an inlet for nightsoil/sludge collected by pit 
emptiers, who pay the public toilet operators a tipping fee. Diverse measures are in place 
to  reduce the risk of bulky solids entering the septic tank and subsequently the sewer (a key 
concern raised by Nairobi City W ater and Sewerage Corporation): a) pit emptiers are 
encouraged to use hooking devices to  remove potential blocking solids (rags, bags, 
carcasses, etc.) from pits before pumping; b) tipping to the septic tank is through a screen 
designed to  trap large solids, and this is done in the presence of the public toilet operator, 
who has an interest in ensuring that these solids do not enter his septic tank; c) tipping is to  
a first chamber from which transport of solids to subsequent chambers is impeded by 
baffles; and d) discharge to the sewer is from a high outflow with a valve control, so that 
the tank operators can carefully control outflow. As at June 2012 reports from WSUP Kenya 
staff (phone conversations and email correspondence) indicate that this model is working 
well: despite initial resistance from Nairobi City W ater and Sewerage Corporation, the  
septic tanks are now connected to  the sewer. Substantial volumes of nightsoil/sludge are 
being tipped to the tanks, and liquid components are being disharged to the sewer. 
Respondents report that the public toilet operators have been working to ensure that the 
sewer downstream remains unblocked (since they require a functional sewer in order to 
operate their business).^
Under this model it may be cost-effective to extend simple sewer lines into slum 
communities without any immediate requirement for extensive within-slum networks or 
high levels of household connection; nonetheless, the sewer line is in place, allowing for 
gradual connection over time; and at the same tim e sewered tanks provide an excellent 
solution for disposal of sludge from local non-sewered facilities. In my view this hybrid 
networked/non-networked model shows enormous promise: if properly planned and 
managed, this incremental approach can potentially offer an effective and financially self-
‘  This section is based on initiai reports from the WSUP Kenya team, in Juiy 2012 i wiii be visiting Nairobi to criticaiiy evaluate 
function of this system myseif. It is certainly too soon to assess whether this model wiii function effectively overtim e.
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sustaining model fo r sanitation improvement in very poor settlements, at the same tim e  
allowing for future household connections to  the sewer line.
Sewerage, stormwater drainage, or both?
This research has focused on urban sanitation, but there are strong arguments for 
sanitation to be considered in close conjunction with storm water drainage. The on-site 
component of the PAQPUD project invested substantial funds in highly subsidised provision 
of septic tanks in districts of Dakar like Guinaw Rail Nord, as detailed in the present study. 
But this district is subject to frequent flooding, so that septic tanks routinely fill with  
floodwater, and the contents are then pumped directly to  the streets: in terms of public 
health, this sanitation investment is almost surely wasted, and indeed in dense urban 
districts subject to frequent seasonal flooding, it is questionable whether it can make sense 
to  invest in substantial sanitation infrastructure before resolving storm water drainage 
issues. In interviews in February 2009, the Flead of W ater and Sanitation in the EU 
Delegation in Senegal (which is grant-funding several major urban w ater and sanitation 
programmes, with hands-on involvement in project design and im plementation) stated his 
view that storm water drainage programmes can often have much greater positive impact 
than sanitation impact (interview ID-50, see Appendix I), I suggest that this is an im portant 
issue that is not given sufficient consideration in the anglophone world, by contrast with  
the francophone world where sanitation and drainage are typically bundled together as 
assainissement. A common problem is that substantial sanitation investments are often 
made in flood-prone districts, where it would make much more sense to invest first in 
storm water drainage, as in Dakar's Guinaw Rail Nord for example.
In relation to this, I propose that in some very low-income urban contexts, a pragmatic 
solution to  improve drainage and sanitation in the medium term  may be to  construct 
covered lined drains that are designed to serve as a long-term solution for storm water 
drainage and a medium-term solution for sanitation improvement. In many low-lying high- 
density slums in African cities, faecal waste is already widely discharged to  informal unlined 
open drains (blackwater or fresh faeces from latrines, flush toilets and septic tanks, as well 
as faecal sludge dumped by local pit emptiers); so a solution of this type can be seen as a 
pragmatic way of incrementally improving an existing system. In Dhaka (Bangladesh) 
(personal communication Kevin Tayler, May 2012), much of the city depends on a crude de 
facto  combined sewerage system, in that direct discharge of pour-flush toilets and septic 
tanks to storm water drains is very widespread throughout much of the city (to the extent 
that septic tank desludging services are uncommon, because there is no need for them ). A 
possible approach in locations of this type is to  take a pragmatic view, aiming to  
incrementally improve the existing crude system through measures including drainage 
im provement (higher-capacity properly-lined drains); drain clearance and maintenance to  
improve function and reduce health-threatening overflow; drain coverage (among other 
reasons to reduce garbage tipping to drains); and improved treatm ent/discharge of the  
stomwater+sewage collected by the system. Formalised lined drains are easier to  keep 
clean; a system of semi-covering (concrete slabs that are readily removed by maintenance
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operators to permit cleaning) reduces exposure to the faecal hazard;^ as in the Brazilian 
system described by Moraes et al. (2003), the drain covering if properly designed may 
double as a walkway/pavem ent, which in itself may be a highly valued habitat 
improvement in slums where roads and alleys become filthy mud when it rains. It should 
also be noted that Moraes et al. (2003) found that this relatively low-cost improvement led 
to  a significant reduction in child diarrhoea by comparison with the existing situation 
(though not such a marked reduction as was obtained in other districts that received 
sewerage proper).
This proposal to consider covered lined storm water drains, to  which blackwater discharge is 
permitted and indeed encouraged as a medium-term sanitation improvement solution, is 
certainly a tentative proposal, and would require very careful analysis in any given location, 
taking into account diverse considerations including social acceptability, technical 
feasibility, cost, sustainability in terms of cleaning and maintenance, public health impact, 
and tie-in with urban upgrading plans (see next section). Nonetheless, I believe this type of 
approach is worth very serious consideration in flood-prone slum districts, where improving 
sanitation facilities w ithout first resolving drainage is likely to  be of limited value.
Also relevant here are comments made above in Section 6.2.2.4; there is little point in 
investing substantial amounts in sewerage for a settlement that is clearly classified as non- 
urbanisable (and thus subject to  eventual relocation), or for settlement in a location 
considered urbanisable but with clearly inadequate current housing or layout (and thus 
subject to eventual upgrading). But, as noted in Section 6.2.2.4, in practice these decisions 
are extremely difficult; while it is ill-advised to  invest in sewerage infrastructure for a 
settlem ent that will undergo some sort of major upgrading in the near future, it is equally 
unacceptable to delay appropriate sanitation investment simply because a settlement is 
administratively defined as "informal".
6 . 3 . 2 .  E n s u r in g  e f f e c t iv e  im p l e m e n t a t io n
The PAQPUD project has clearly shown that poor project management structures can have 
profound negative effects on sewerage project outcome. It is scarcely a novel conclusion 
that major infrastructure projects funded by concessionary finance from international 
financing institutions can go badly wrong (see e.g. Frimpong, Oluwoye & Crawford 2003); 
but this is all the more reason to  ask why this sort of problem could not be minimised by 
more rigorous approaches to project financing and implementation. In Section 6.2.2.S
 ^Though covered drains certainly cannot be expected to prevent exposure to faecal pathogens as effectively as a functional 
closed sewerage system, since small animals (rats, flies, etc.) will probably still be able to move in and out. And such drains 
will of course tend to smell (like the informal drains they replace), which will affect social acceptability. It should also be 
noted that lined drains are of course easier to  clean than unlined drains; but covering drains may introduce difficulties, 
increasing the complexity and cost of clearance, and introducing an element (the cover slab) that needs replacing if broken. 
So any system of this type would certainly need a guaranteed and sustainable source of revenue in order to ensure 
sustainable long-term maintenance.
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above, I have discussed whether sewerage projects, by nature requiring large construction 
contracts, should be considered inherently more prone to inefficiencies (including 
procurement corruption) than other types of urban sanitation investment: I conclude that 
there are certainly serious risks of inefficient implementation in major sewerage projects, 
such that appropriate measures need to  be taken to  protect against these risks.
Here it needs to be borne in mind that sewerage projects in African cities are often funded 
principally by loans negotiated between national governments and the major development 
banks (notably the World Bank, the African Development Bank, and KfW). Interviews with 
both World Bank staff in Dakar and African Development Bank staff in Accra indicated a lack 
of "hands on" control of project implementation, on the grounds that these projects are 
funded by loans, not grants:^ so the financing institution should not expect to  retain tight 
control over the way in which the funds are spent. This was certainly the case in Dakar: the  
funds had been entirely or almost entirely disbursed, despite very poor project outcomes. 
In the African Development Bank-funded Accra Sewerage Improvement Project, the  
problem is not at this stage poor contractor compliance: but again, weak AfDB control 
means that the government has oriented this project in directions with little pro-poor 
impact (sewer construction and rehabilitation in institutional, business and non-poor 
residential districts), and the justification put forward by AfDB respondents is that this is a 
loan, not a grant, so that the lending agency cannot expect to retain strong control. These 
arguments hold little w ater if we bear in mind that concessional loans from institutions like 
the AfDB and the World Bank's IDA arm have a clear pro-poor development mandate.
Thus, as discussed already in Section 6.2.2.5, I suggest that sewerage projects funded by 
development banks or other international donors need to be absolutely sure that in­
country governance frameworks and programme management capacity are genuinely 
sufficient to ensure efficient outcomes; if there is significant doubt that 
governance/management standards are not sufficient to ensure efficient outcomes, the  
financing institution needs to  retain much stronger control over planning, construction and 
other key outcomes, either by maintaining direct co ntro l over tendering and programme 
management, and/or through disbursement systems that are rigorously output-based.
6 . 3 . 3 .  Ta r g e t in g  t h e  p o o r  a n d  a c h ie v in g  h ig h  c o n n e c t io n  r a t e s
A central conclusion of this thesis is that sewerage projects have commonly failed to  serve 
the poor, and a central recommendation is that future sewerage projects should aim to  
serve poor communities, and the poorest households within such communities, more 
effectively. As detailed in Section 3.2.2, project appraisals for sewerage interventions
‘  There is a clear contrast here with several EU-funded urban drainage/sewerage projects currently underway in Senegal: 
these are grant-financed, and in-country EU teams tender for construction contracts directly, and directly oversee 
construction quality and compliance.
 ^Such direct control could imply international financing institution (IFI) staff in person, or agents contracted by the IFI for this 
role.
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invariably cite pro-poorness as a primary goal and justification, but often the intervention 
has no real pro-poor content. For example, the 2006 AfDB project appraisal for the Accra 
Sewerage Improvement Project states that "the immediate beneficiaries will be the urban 
and peri-urban population in Accra o f about 1,467,839 (49.5% o f the 2020 Accra 
population), majority o f whom are poor"; but in fact this project will provide sewers only for 
wealthy and institutional districts, with no parallel investment in collection and treatm ent 
of faecal sludge (Norman 2009).
By contrast, sewerage programmes in a small number of cities — most notably Dakar and 
Nairobi— have started to  extend into low-income settlements. Notwithstanding the  
considerable challengers faced in these tw o cities (see especially Sections 5.3.4 and 5.4.2.5; 
also Norman & Pedley 2011), there are very useful lessons to be learned from these 
experiences.
A first lesson is to assess, at the early planning and appraisal stages, whether pro-poor 
service provision is genuinely a goal. I would argue that international financing institutions 
with a clear pro-poor mandate (including the World Bank's IDA and the African 
Development Bank) should only be financing genuineiy pro-poor components of a given 
sewerage project: scarce concessionary funding should not be subsidising sewerage 
network construction in wealthy/institutional districts, and should be financing wastewater 
treatm ent plants only in proportion to the extent that these are genuinely serving the 
poorest communities in the city.^
In ensuring that a sewerage programme is pro-poor, the following considerations need to  
be taken into account:
1) Geographical targeting (district-level targeting) is clearly important and effective, as 
witnessed by the PAQPUD project and the ongoing sewerage programmes in Nairobi: 
despite in-district variation in wealth levels, most cities have well-defined  
socioeconomic zoning, with wealthier and institutional districts typically much better 
served than poorer districts and especially informal settlements. It is worth noting 
that sewerage will rarely be appropriate for low-density peri-urban districts; it will
‘ W hether a wastewater treatm ent plant is cost-effectively beneficial for poor communities is likely to be a complex
assessment. If untreated sewage from a city’s business centre is currently entering a river used as a water source by low- 
income communities downstream, clearly construction of a wastewater treatm ent facility will be beneficial for those 
communities. But this is not in itself a justification for concessionary finance. In this situation, a more genuinely pro-poor 
financing solution would perhaps be for the city's business centre to be obliged to self-finance its sanitation and drainage 
(rather than dump its waste elsewhere), with the concessionary finance spent on sanitation and drainage improvements 
within low-income communities. Unless integrated within a genuine city-wide sanitation plan linked to real at-scale 
investment in pro-poor sanitation solutions (improved on-site sanitation and faecal sludge management facilities, and/or 
genuinely pro-poor sewerage), there is a strong risk that investment in wastewater treatm ent facilities will be responding 
more to the privileged classes' concerns about environmental cleanliness than to the genuine sanitation needs of low- 
income communities. Many major donor-funded sanitation programmes have spent a large proportion of the available 
funds on a wastewater treatm ent plant (see Section 3.2.2), seemingly on the assumption that if a development bank 
provides such a facility, everything else will "fall into place"; however, this is clearly weak reasoning. This is not to  say that 
wastewater treatm ent facilities are not justifiable within concessionary financing programmes: they may be, but only if 
they form part of a genuinely pro-poor programme.
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generally be a candidate solution only for districts with high population density, 
whether city-centre or peri-urban.
2) Household-level targeting is also likely to be necessary. I do not agree with the
judgement of PAQPUD's planners that household-level targeting was unnecessary 
and non-cost-effective: my results clearly show that, despite the high overall 
coverage levels achieved by PAQPUD, coverage among the bottom income quintile 
was poor. This programme was massively subsidised (beneficiaries of the settled 
sewerage programme bore only about 5% of the total investment cost): poor 
coverage among the lowest income groups might be justifiable in a marketing-based 
programme in which the aim is to leverage household finance and catalyse a self- 
sustaining and aspirational sanitation market; but it is not justifiable in a programme 
with heavy subsidy of household investment. I suggest that projects like PAQPUD 
require stepped subsidy levels with high subsidy levels only available for very poor 
households, and with dedicated targeting to ensure that these households indeed 
benefit. This could have been coupled with micro-credit facilities, and with a pre­
negotiated obligation to  connect to  the sewer.
3) A desire to  target poorer households should not over-ride other relevant targeting
concerns: in the PAQPUD project a small minority of households had no toilet at the  
start of the project, and very few  of these households benefitted. Tenancy status and 
other social indicators of need (e.g. single-mother households, the elderly) may also 
be relevant.
Closely related to the issue of pro-poor targeting is that of connection rates. A very 
frequent problem in previous African sewerage projects has been that connection rates (i.e. 
number of households connected) are much lower than was initially projected. In Dakar 
(see Section 5.3.3), overall connection rates were much lower than expected simply 
because several of the schemes did not become operational; and even in districts where  
the sewerage did become operational, there were significant problems a) because many 
households had received a subsidised connection to  their plot boundary but had not made 
the final connection from their toilet to the plot boundary, and b) because in tw o of the  
three districts surveyed in detail (Ouakam and Mbao) there was very high exclusion of the  
poorest households in the community.
Throughout this research, interviews with institutional stakeholders (notably development 
bank staff and programme managers in utilities) has indicated a lack of prioritisation of the  
connections issue. One possible argument here is that derived from sanitation marketing. 
On this view, a sewerage investment will initially serve relatively wealthy customers who  
can readily pay connection costs and recurrent costs: the connection of w ealthier 
consumers will tend to generate aspirational feelings among poorer members of the  
community, who will gradually connect to the system. I am not aware of any experience 
indicating that such gradual unsupported take-up will occur. A related argument, put
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forward by institutional interviewees associated with various ongoing sewerage 
programmes, is that the role of major investment programmes is to set up the major 
infrastructure: dealing with community issues such as household connections is someone 
else's concern.
I suggest that these arguments have been repeatedly shown to  be false. Sewerage projects 
in African cities need either to view high connection rates as an essential short-term  
outcome, or to  adopt genuinely effective hybrid networked/non-networked solutions as 
outlined in Section 6.3.1 above.
Aiming for high connection rates does not necessarily imply extensive connections subsidy 
(though certainly well-designed targeted subsidies may prove necessary). Rather, high 
connection rates may be achieved through a mix of a number of approaches including:
•  Appropriate system design, such that the service being offered genuinely meets the
needs and aspirations of the community, at affordable cost (taking into account 
financing derived from all major sources, including firstly households; secondly 
local institutions including water/sanitation utilities and asset holders, sub­
municipal and municipal government, and national government; and thirdly 
international financing institutions and donor agencies).
•  Early pre-negotiation of local finance: for example, if the municipality is to be
required to pay 20% of the capital cost, this clearly needs to be formalised up­
front; likewise, if households will be required to pay for internal connections 
(from their to ilet to  the plot boundary) this likewise needs to be clarified up­
front.
•  Well-designed tariff systems that achieve good revenue streams for the
investing/operating institutions, but at the same ensure affordability to  
householders.
•  Carefully designed connection subsidy systems that ensure that the poorest
households in each community are able to connect.
•  Community education programmes that explain the community-wide advantages of
high connection rates (i.e. the public-health benefits of Total Urban Sanitation).
•  Introduction of legal or quasi-legal requirements to connect to sewers: though in
order for this to be ethically and socially acceptable, it is clearly essential that the 
connection cost to the householder be genuinely affordable (which may require 
targeted subsidy), and that the requirement be pre-negotiated with the 
community and relevant local-level institutions (e.g. district councils) and 
governed by a humane and effective regulatory body.
•  Full consideration of landlords and tenants: in the PAQPUD project, there was a
clear tendency for landlords not to invest, so that tenants (often the poorest 
members of the community) remained unserved.
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6 .3 .4 .  E v a l u a t in g  OUTCOMES
This research has involved detailed evaluation of the outcome of the PAQPUD settled 
sewerage project in Dakar, and rapid assessments of other projects or planned projects in 
Nairobi and Accra. Earlier in this text, I have given an overview of evaluation methodologies 
relevant in the present context (Section 3.4) and I have reviewed previous outcome 
evaluations of sewerage projects funded by major international financing institutions 
(Section 3.2.2). The evaluation approach used in the present research draws upon these 
previous models, but with adaptation to  the specific context of ex-post evaluation of a 
sewerage project, and with particular reference to pro-poorness. As noted in Section 3.2.2, 
many previous ex-post evaluations of sewerage projects -typically commissioned by the  
funding institution- have not provided the minimum information required for basic 
outcome assessment, particularly as regards pro-poorness.
The present research has generated useful conclusions about sewerage project evaluation, 
and in what follows I propose a series of evaluation guidelines. Several of these 
recommendations have been published in the research articles arising from the present 
work (see especially Norman, Scott & Pedley 2011; Norman & Pedley 2011). First, I propose 
some general recommendations for monitoring and evaluation of sewerage projects. 
Second, I propose a more or less exhaustive list o f questions that need to be considered in 
the design of any evaluation of a sewerage project in a low-income context (Box 9, page 
186).
Before detailing these recommendations, it is of interest to briefly note the distinctions 
between a sewerage project, a sewerage programme, and a sewerage system. A sewerage 
project can be defined as a single intervention, typically funded by a single international 
donor^ and restricted to a specific district or districts within a city. A sewerage programme 
can be defined as a wider set of interventions, often funded by a series of donors and 
coordinated by local institutions. In Nairobi, for example, we currently see an extensive 
programme to sewer low-income districts throughout the city, coordinated by the w ater 
and sewerage utility NCWSC and the asset holder AWSB, and essentially made of defined 
projects supported by different donors. Sewerage projects and sewerage programmes are 
tim e-lim ited interventions that can be evaluated in terms of outcomes; by contrast, a 
sewerage system is an entity, not an intervention, and thus needs to  be evaluated in terms 
of ongoing performance, not tim e-lim ited outcomes. Flere I will be centrally concerned with  
sewerage project/programme evaluation, rather than performance of existing systems: 
though certainly there is some degree of overlap between the tw o, particularly when we  
come to ex-post evaluations carried out some tim e after project completion.
‘ In fact, a sewerage construction project will typically be part-funded by a donor and part-funded by local institutions, for 
example from national budget allocations.
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For evaluation of sewerage projects, then, and drawing on the sources reviewed in Section 
3.4 and on the experience gained in the present research, I propose the list of evaluation 
parameters shown in (Box 9, page 186). This can be seen as a checklist of questions that the  
evaluator should aim to  answer in the evaluation report, on the basis of information 
obtained from project documentation, from interviews with project managers and other 
professionals, from site visits, and from interviews with community members (including 
both actual beneficiaries and potential beneficiaries who did not in fact benefit). No 
evaluation can answer all of these questions in equal depth; in the present research, for 
example, some of these questions were explored in detail, others only touched upon or not 
answered. So this is a checklist of possible questions to be answered, from which the  
evaluator will select those of most interest in her particular context.
Notwithstanding the likely wide variation in the specific contexts and aims of future  
evaluations of sewerage projects, I suggest that five key aspects need to be taken into 
account in most evaluations, as detailed in what follows;
1) Sewerage project evaluations should provide clear data on the number of people with
connection to the network. This may appear obvious, but as noted in Section 3.2.2 
many previous evaluations of major sewerage projects in African cities have not 
provided detailed and reliable data on the number of people or households actually 
connected to the network. This will typically require randomised householder survey 
within the intervention area, and rigorous definition of w hat "connection" entails 
(e.g. the toilet actually used by householders is connected to the network, and the  
network is operational).
2) Sewerage project evaluations should ideally involve consideration of "total urban
sanitation". This means not only assessment of the number of people served by the 
sewerage system, but the percentage of the population served within the area 
covered by the network, and associated improvement in total urban sanitation, i.e. 
reduction in faecal contamination of the local environment (due to  faecally 
contaminated open drains, faecally contaminated seasonal floodwaters on the 
streets, overflow of poorly functioning sewers, open defecation or plastic bag 
defecation, local dumping of latrine or septic tank sludge, etc.). Effective evaluation of 
a sewerage project requires at least qualitative assessment of whether such sources 
of faecal contamination remain.
3) Sewerage project evaluations should provide clear data on pro-poor targeting, and
notably on exclusion error. Again as noted in Section 3.2.2, many previous 
evaluations of major sewerage projects in African cities have not provided detailed 
and reliable data on pro-poor targeting. Often adequate pro-poor targeting is 
assumed simply by virtue of project location in a low-income district (i.e.
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"geographical targeting"). However, as detailed in Section 5.3.4, this is not likely to be 
a reliable indicator of pro-poor targeting.^
4) Sewerage project evaluations should include assessment of likely financial
sustainability of the system. M y own experience in Dakar and Nairobi, and in 
evaluation of other urban sanitation interventions outside the scope of the present 
research,^ is that sources of finance to cover the recurrent costs of new networks^ 
tend to be poorly defined at the early post-implementation stage, and when defined 
are clearly insufficient for long-term operation.
5) Sewerage project evaluations should be able to  fully recognise failures and difficulties
arising, and should be published transparently. In other words, effective evaluation 
requires an attitude of "constructive criticism" that is unlikely to be achieved by 
evaluators more concerned with their organisation's corporate image than with open 
recognition of project failings. In fact sub-contracted "independent" evaluators are 
often under just as much pressure to  report only positive outcomes as in-house 
evaluators: the important requirement here is for a culture of openness and 
constructive self-criticism, which in the final analysis must be supported by the  
organisation's highest echelons of management.
The above recommendations refer to both m id-term and post-implementation evaluations, 
both of which are of value. As noted, mid-term evaluations are of clear practical value, in 
that they allow a project management response and budget reallocations to correct any 
issues observed. Excellent models of mid-term evaluation are provided by the KfW 
evaluations made public with absolute transparency (see Section 3.2.2).
Health impact evaluation (requiring careful design of methodology and entailing substantial 
financial cost) is not considered here: proposals for a health-impact evaluation 
methodology suitable for sewerage interventions are given in Schmidt, Gumming & Norman 
(2011).
‘ In fact, project managers may deliberately accept that the poorest will not be served initially, on the grounds that leverage 
of householder funds Is essential for financial sustainability and thus that relatively wealthy households will tend to be the 
first to benefit; indeed, the "sanitation marketing" school of thought argues that early adopters of any desirable product or 
service will always tend to be relatively wealthy within their community, and that this Is necessary for generating aspiration 
within the community as a whole. This is a perfectly reasonable argument; but nonetheless. If there Is any claim to pro­
poorness, this should be tested by post-implementatlon householder survey.
‘ For example, Chlrrute & Norman (2011), looking at user charges for operation of communal toilets with septic tanks in 
Maputo (Mozambique).
 ^Such sources include revenues from householders, and cross-subsidy from other utility revenues.
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Box 9. Checklist o f questions to be considered in evaluation o f sewerage projects.
I )  EFFECTIVENESS : IMPLEMENTATION OUTCOME AND QUALITY
II)  Network construction
W hat major components (including network, pumping stations, and treatment/discharge infrastructure) were detailed at 
project appraisal stage?
Were these plans modified later in the project? If so, give details.
What major components were eventually constructed?
What proportion of planned network construction was actually achieved? [A generally applicable indicator is proportion of 
planned sewer length, but other elements may also be important, e.g. number of pumping stations. The relative weightings 
of different elements (e.g. sewer length and number of pumping stations) can be estimated on the basis of unit costs.]
If planned components differ from eventually constructed components: why?
If planned components differ from eventually constructed components, is it possible that the missing components will be 
constructed in the near future?
Who was responsible for construction?
Was construction completed (or nearly completed) within schedule?
Was construction quality satisfactory?
Hi) On-site construction
At the time of evaluation, what is the number of households potentially connected [i.e. with functioning sewers running close 
to the plot and connection authorised]?
At the time of evaluation, what is the number of households actually connected [i.e. with functioning connection to 
functioning network]?
At the time of evaluation, how many households are not connected but report that they would like to be?
Was a target number of household connections specified at project appraisal? If so, what was the target?
Was this target subsequently modified after project approval? If so, what was the modified target? Why was the target 
modified?
What proportion of households in the project area are sewered? [Project area being the area targeted for coverage in the 
project appraisal.]
[The above data allow calculation o f diverse indicators, such as number of household connections per 100 households
targeted. If  reliable estimates are available o f number of people per household, this will allow expression o f these indicators 
in terms o f number of people as well as number o f households.]
Is faecally contaminated wastewater observed? [Within the plot? On the ground surface near to the plot: if so, at what 
distance? In open drains: if so, at what distance?]
Are poor hygiene practices observed within the plot? [e.g. children playing in toilet area] 
liii) Treatment and discharge components
[Construction o f treatment/discharge infrastructure has been covered in l i ]
What proportion of wastewater from the sewer network is currently receiving treatment?
At what proportion of capacity is each wastewater treatment facility (project-built or previous-built) currently running?
Are any technical indicators of wastewater treatment efficiency available? If so, cite.
Where is treated wastewater discharged?
Do project-built or previously-built wastewater treatm ent or discharge facilities show evident problems of maintenance 
and/or functionality? If so, describe, 
liv ) Soft components
W hat major "soft" components (including community consultation and mobilisation; hygiene education and other educational 
actions; institutional strengthening and reorganisation) were detailed at project appraisal stage?
Were these plans modified later in the project? If so, give details.
What major components were eventually completed?
If planned components differ from eventually completed components: why?
Who was responsible for soft components?
Were the soft components completed (or nearly completed) within schedule?
Was quality of provision of soft components satisfactory?
[See also community participation under Relevance, and Institutional Impacts under Impacts]
2A) EFFICIENCY: INVESTMENT COSTS
[Throughout 2A and 2B, costs are expressed In US$; the precise unit o f account/s used, and the precise methods o f their 
estimation, need to be clearly specified; useful guidelines on choice and definition o f units o f account are given by Belii e t al. 
2001.]
2Ai) Network costs
W hat was total investment cost for construction of network components (all components between plot boundaries and 
treatment/discharge facilities]?
If any components showed major cost overrun: which components, and why?
What is the estimated current investment value of existing network components? If the total number of households served by 
such existing infrastructure is known, estimates can be obtained of the already-existing current investment value per 
household served under the project.
2AÜ) Household-level costs
W hat was the per-household connection fee?
W hat exactly did the implementing agencies supply for this fee?
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What components, if any, were households required to supply themselves? How much did this cost per household?
[ If  any o f the above varied from  household to household, give approximate frequency distributions and associated 
explanations.]
ZAlii) Treatment/discharge component costs
What was total investment cost for construction of treatment/discharge components (all components between plot 
boundaries and treatment/discharge facilities]?
What is the estimated current investment value of existing treatment/discharge components? If the total number of 
households served by such existing infrastructure is known, estimates can be obtained of the already-existing current 
investment value per household served under the project.
2Aiv) Total Investment costs and Investment efficiency 
Was construction completed within budget? If not, why not?
What was the total cost ($US per household connected) at project appraisal?
What was the final cost ($US per household potentially connected)? [See l i i ]
What was the final cost ($US per household actually connected)? [See l i i ]
2B) EFFICIENCY: RECURRENT COSTS
What is the nominal charge structure for householders connected to the network?
What is the nominal charge structure for householders not connected to the network?
What is the current revenue stream from householder charges per annum?
What is current total revenue stream? Apart from householder charges, what are other major sources o f revenue?
If the revenue stream from householders is significantly below recurrent costs, can the situation reasonably be expected to 
improve in the future?
[ If  reliable data are available on household income, it will be possible to estimate cost to househoider as a proportion o f 
annual income.]
[In cost-effectlveness and cost-benefit analysis, data from  2A and 2B will o f course be Integrated to allow lifecycle cost 
assessments. Diverse relevant Indicators can be derived from  the data considered in this section, including long-run 
marginal cost per inhabitant served per year and other indicators suggested by Hutton et al. 2009 (see text).]
3A) RELEVANCE: PRO-POORNESS
Did the project aim to provide coverage in poor districts?
Did the project achieve the targeted coverage in poor districts?
Was better coverage achieved in wealthier districts than in poorer districts?
What is the ratio of mean household income in connected households to mean household income in "wanted-to-but-couldn’t- 
connect" households?
Were there any evident barriers to access by poorer households?
Is there any evidence that one-off connection costs-to-householder (e.g. householder investment costs, connection fees) 
discouraged connection by poorer households?
Is there any evidence that recurrent costs-to-househoider (e.g. sewerage connection tariffs) discouraged connection by 
poorer households?
If either of the above, is there any evidence that the implementing agencies took any steps to  resolve this problem?
If coverage achieved was markedly lower than targeted coverage, why was this the case?
If coverage achieved was markedly less pro-poor than targeted, why was this the case?
3B) RELEVANCE: HOUSEHOLD/COMMUNITY INVOLVEMENT
[Household and community involvement can be usefully assessed In four areas: mobilisation, decision-making, construction 
work, maintenance work; see Nance & Ortolano 2007.]
3BI) Mobilisation
Were potential beneficiaries involved in the project before it started? For exampie, were there project meetings?
3BII) Decision-making
Did potential beneficiaries have any say in the network layout? If decisions were taken to reduce system coverage, who took 
these decisions?
3BIII) Construction
Did beneficiaries do any construction work themselves outside their plots? What work?
Did beneficiaries supply materials for construction work outside plots? What materials?
3Blv) Maintenance
Are beneficiaries involved in maintenance in any way? Who is responsible for maintenance of the local network? Who is 
responsible for w ithin-plot maintenance?
4) IMPACTS 
41) Health Impacts
Is any reliable estimate of health impact available? In particular, has the sewerage programme reduced the diarrhoea burden 
(number of days with acute diarrhoea per child per annum) among children in the sewered area, and if so by what 
percentage?
[But note that evaluation o f health impacts is methodologically and logistlcally complex, and will not usually be done in the 
course o f a sewerage project evaluation: reliable evaluation requires pre-intervention evaiuation ofheaith indicators.]
411) Other population Impacts
Are positive impacts observed in quality-of-life as perceived by beneficiaries (e.g. privacy, dignity, convenience, status)?
What other positive impacts are observed? [e.g. gender-specific benefits reiating to increased security for women when 
communal facilities are replaced by household facilities.] 
is there any reuse of wastes (for crop fertilisation, irrigation and/or energy generation)? If so, what is the economic value of 
this reuse?
Are any significant negative impacts observed or suspected in the project area?
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Are any significant negative impacts observed or expected outside the project area?
41ii) Institutional Impacts
Did the project appraisal aim for institutional strengthening or similar institutional impacts? If so, were such impacts 
achieved?
4lv) Environmental Impacts
Are any significant negative environmental impacts observed (notably pollution o f receiving water bodies)? If so, are these 
judged likely to have significant negative Impacts on the health or livelihoods of communities w ithin or outside the project 
area?
Is the system likely to lead to a significant increase in domestic water use? If so, is this likely to have a significant impact on 
local, city or regional level water scarcity?
5A) SUSTAINABILITY: PERFORMANCE AND O&M
[Note that sustainability can either be predicted, or evaluation after implementation. Most ex-post evaluations -including the 
present evaluation- are carried out too soon after project termination fo r true retrospective assessment o f sustainability.] 
5AI) Network level
Has the network suffered any major or chronic maintenance issues since project completion? Give details.
What percentage of connected householders have made complaints over the past year?
5AII) Household level
What proportion of beneficiaries report that they are satisfied with the system?
What proportion of beneficiaries report blockages or other problems over last year?
5AIII) Treatment/discharge
What treatment/discharge solutions were planned for the system? Are these solutions in place?
How functional is the current treatment/discharge system?
5B) SUSTAINABILITY: COST RECOVERY
[The data necessary fo r evaluation on this criterion are covered in 2B.]
SC) SUSTAINABILITY: INSTITUTIONAL AND SOCIAL
[The data necessary fo r evaluation on this criterion are covered in 3B and 4iii.]
5D) SUSTAINABILITY: ADAPTABILITY/RESILIENCE
Can the system be judged adaptable and/or resilient to  likely future trends (including energy costs, and possible climate- 
change-related trends in water availability and flooding risk)?
50) SUSTAINABILITY: ENVIRONMENTAL
[The data necessary fo r evaiuation on this criterion are covered in 4iv.]
Section 6: INFERENCE AND RECOMMENDATIONS
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7. Conclusions
7 .1 . Co n c l u s io n s  A: Is s e w e r a g e  a n  a p p r o p r ia t e  s o l u t io n ?
This research set out to answer the following four questions:
1) Do sewerage interventions have a substantial impact on child health?
The systematic review and meta-analysis carried out as part of this research suggests that 
sewerage typically has a substantial positive impact on morbidity due to  child diarrhoea. 
Drawing on theoretical reasoning as well as empirical evidence, we can expect sewerage to  
have strong health benefits in high-density slums with widespread faecal contamination. 
But health benefits are of course dependent on good system function.
2) To what extent can sewerage be an appropriate solution for African cities?
The present findings suggest that sewerage is the most technically appropriate solution for 
some habitat types in African cities, but in some contexts weak institutional capacity will 
impede effective implementation. Capital cost will invariably be higher than fo r on-site 
systems: but in certain habitat types, sewerage may be the only solution that effectively 
prevents disease. It is difficult to  generate generalisable estimates of the lifecycle costs and 
cost-benefit relations of sewerage: costings need to be done in specific contexts.
3) Under what circumstances may sewerage solutions be appropriate?
Assessing whether sewerage can be an appropriate solution for any given location requires 
detailed location-specific analysis. Key circumstances that favour selection of sewerage 
include a) high-density urban habitat in which onsite systems are clearly failing, b) presence 
of an existing sewer network, and c) strong local institutions ensuring ethical governance 
and technical-managerial capacity. I suggest that sewerage is an appropriate and viable 
solution for high-density settlements in many African cities.
4) What can be done to improve the performance of sewerage programmes?
As detailed in Section 6.2 and summarised overleaf, this research has highlighted a number 
of pitfalls that have commonly arisen in the past, and that need to  be given special 
attention in the planning of any sewerage project or programme, to ensure that these 
problems are not repeated.
This research suggests that sewerage certainly can be an appropriate solution for high-density 
low-income districts of some African cities; however, institutional capacity and funder 
oversight need to be very strong in order to ensure that interventions are planned and 
implemented in such a way that they are genuinelycost-effective, pro-poor and sustainable 
over a period of decades. Sewerage should not be excluded because it has often failed to date: 
the same is equally true of other types of urban sanitation system in low-income countries.
7.1: Key Conclusions - Appropriateness
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7 .2 . Co n c l u s io n s  B: Key r e c o m m e n d a t io n s
1) Select the most appropriate sewerage technology, not the cheapest
Low-cost solutions like condominial sewerage may in many contexts be appropriate: 
however, it is important to make design decisions based on local needs, not simply to  
replicate designs used elsewhere. Some cost-reducing solutions (for example, use of very- 
low-cost local materials for construction of inspection chambers) may be ill-advised.
2) Select high-need districts, not easy districts
There is a widespread tendency for nominally pro-poor sewerage programmes to select 
districts which are easy to sewer in technical and adminstrative terms (often middle-income 
settlements with linear layout). But well-planned interventions in genuinely low-income 
informal settlements can be expected to  have greater impact on health and wellbeing.
3) Consider stormwater drainage and/or slum upgrading
In some situations, sewerage alone may make little sense without improved stormwater 
drainage, and in such situations it may make more sense to improve storm water drainage 
first, or indeed to  consider integrated drainage/sewerage solutions. Sewerage interventions 
must of course be fully integrated into long-term urban planning.
4) Ensure from the outset that a high proportion of households will connect
A very frequent problem in previous projects has been that connection rates are much 
lower than initially projected, with the poorest households often excluded entirely. 
Planners in utilities and development banks often treat this as someone else's problem: 
"our role is to put in the networks, connections will come with tim e". I suggest that this 
attitude needs to change: a key outcome for sewerage projects should be the number of 
households connected -v ia  a household toilet, or a sewered communal to ile t-  within the 
first year (as indicated by observed usage data, not theoretical access data).
5) Integrate sewerage with faecal sludge management
Notwithstanding the previous point, planners should also consider hybrid systems that 
facilitate controlled sludge dumping to  sewers. Likewise, if a wastewater treatm ent plant is 
being constructed, planners should consider designing the plant so that it can take both 
sewage and tanker-transported faecal sludge from on-site sanitation facilities.
6) Ensure a reliable revenue source for O&M
Householders may be capable of dealing with in-plot and close-to-plot blockages, but 
network maintenance requires institutional responsibilities agreed before sewerage 
construction, and supported by defined revenue streams. I suggest that defined public 
revenue streams (e.g. a citywide sanitation levy) are essential for effective slum sanitation, 
w hether networked or non-networked.
7.2; Key Conclusions - Recommendations
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7 .3 . Co n c l u s io n s  C: Fu t u r e  resea rch
Finally, I note some limitations of the present research, and tentatively propose some 
directions for future research.
1) A specific methodological failing of the PAQPUD evaluation was that the questions used 
to assess household wealth were inadequately developed, and did not provide a strong 
basis for classification of households as poor/not-poor. I think it is unlikely that this had 
substantive effects on the findings; but the methods used here should certainly not be 
taken as a model. Another methodological difficulty relates to procedures for random  
sampling within a district for which w e have a satellite image, but no reliable estimate of 
total number of people or households, and no list of people or households.
2) A major gap in the present research, with respect to the initial aims, has been in 
assessing the lifecycle costs of sewerage systems: this work was much less detailed than 
originally hoped, in part because detailed project accounts were not made available. As 
discussed (Section 6.2.2.10) I am in fact sceptical that it is possible to  obtain meaningful 
general estimates of the cost per capita of sewerage (or indeed other urban sanitation 
solutions), because of very high variability among locations; however, detailed cost data 
from specific projects and programmes are certainly of interest. The method proposed by 
Loetscher & Keller (1999), for estimation of fixed costs on the basis of site characteristics 
such as excavation difficulty, is clearly an over-simplification in its present form , but further 
refinement of this method would certainly be of value to  sanitation planners. A particular 
difficulty of cost estimation from historical data, as seen in the present study, is in assessing 
the extent of over-spend due to  poor project management.
3) This thesis set out to answer a broad set of questions about "African cities", despite the  
fact that African cities are clearly highly heterogeneous. Some particular problems are 
widely seen in African cities (e.g. extensive settlements with poor sanitation, low municipal 
tax revenues); but clearly the appropriate solutions fo r any particular city are context- 
specific, and the success or failure of particular schemes in particular locations cannot be 
generalised in any simple way. I therefore suggest that future research may most usefully 
focus on assessment of how best to implement sewerage (or other urban sanitation 
solutions), rather than attempting to  identify general rules for when it may be appropriate.
4) Key technical areas that might usefully be explored in future research (see Section 6.3.1) 
include septic tank design for low-cost settled sewerage systems; feasibility and design of 
low-cost combined sewerage systems; feasibility and design of hybrid netw orked/non- 
networked systems incorporating systems for latrine sludge disposal to sewers; evaluations 
of the health impact of storm water drainage; and evaluations of the importance of district- 
level sanitation improvement for individual-level health impacts.
7.1: Key Conclusions - Future research
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APPENDIX I
List of semi-structured interviews carried out in the present study.
•This list includes all semi-structured interviews carried out for the 
present thesis in Dakar, Accra and Nairobi. [It does not include 
householder surveys, or the respondents in the survey of expert 
opinion about low-cost sewerage.]
•The list is organised alphabetically by respondent surname, then by 
date. Interviews are referenced in the text with the codes of the 
type ID-1 (Dakar Interview 1) and RD-1 (Dakar Respondent 1); 
likewise IA-1 and RA-1 for Accra, and IN-1 and RN-1 for Nairobi.
APPENDIX I: LIST OF SEMI-STRUCTURED INTERVIEWS CARRIED OUT IN PRESENT STUDY 
A) SEMI-STRUCTURED INTERVIEWS, DAKAR
INTERVIEW
NUMBER
DATE RESPONDENT
SURNAME
Forename
RESPONDENT
NUMBER
ORGANISATION POSITION
ID-1 02/02/09 BOULENGER
Pierre
RD-1 World Bank 
W ater and 
Sanitation 
Program (WSP), 
Senegal
Coordinator WSP Senegal [Not directly 
involved in planning or early 
management of PAQPUD, but with 
current oversight role.]
ID-2 20/10/09 BOULENGER
Pierre
RD-1 World Bank 
W ater and 
Sanitation 
Program (WSP), 
Senegal
Coordinator WSP Senegal
ID-3 2 4 /2 /09 CAMARA
Ousmane
RD-2 ONAS Head of Operations (Directeur 
d'Explotation)
ID-4 9 /1 0 /0 9 CISSÉ
Daam
RD-3 Mbao District 
Council (mairie)
Assistant to Mayor [interviewed with 
DiOM Gana.)
ID-5 1 1/2 /09 CISSÉ
Fatou
RD-4 AGETIP Engineer [Lead role in management of 
the PAQPUD project.]
ID-6 23/10/09 CISSÉ
Fatou
RD-4 AGETIP Engineer
ID-7 1 2/2 /09 DiACK
Maiick
RD-5 Dakar Association 
of Desludging 
Operators (6 /E  
des Chauffeurs et 
Bouers de Dakar)
General Secretary
ID-8 17/2 /09 DIANG
Amadou
Lamine
RD-6 ONAS Director General
ID-9 9 /10 /09 DIOM
Gana
RD-7 ex AGETIP PAQPUD Community Coordinator, 
Mbao [Interviewed with CiSSE Daam.]
ID-10 18/2 /09 FALL Omar & 
NDOUR Cheikh
RD-8 (self-employed 
with retainer from  
ONAS)
Plumbers/labourers [Paid small 
retainer by ONAS as "official" plumbers 
for resolution of small-scale problems 
with the Ngor settled sewerage 
system.]
ID-11 5 /2 /0 9 GAYE
Maiick
RD-9 ENDA-RUP Coordinator [ENDA-RUP and Maiick 
Gaye were involved in early pilot-level 
trials of settled sewerage systems in 
Dakar.]
ID-12 20/2 /09 GUEYE
Hassan
RD-10 ex AGETIP PAQPUD Community Coordinator, 
Thiaroye sur M er
ID-13 16/2 /09 GUEYE
Ibrahima
RD-11 ONAS PAQPUD Community Coordinator, Ngor
ID-14 8 /10 /09 GUEYE
Ibrahima
RD-11 ONAS PAQPUD Community Coordinator, Ngor
ID-15 8 /2 /0 9 GUEYE
Mamadou
RD-12 ONAS Head of Qn-site Sanitation Service 
(Chef Service Assainissement 
Autonome) [M r Gueye was closely 
Involved in management and oversight 
of the PAQPUD project from ONAS, and 
was a key source of information and 
support for the present research. Some 
of the interviews listed were brief 
and/or unplanned conversations, as 
opposed to formal Interviews.]
ID-16 9 /2 /0 9 GUEYE
Mamadou
RD-12 ONAS Head of On-site Sanitation Service 
(Chef Service Assainissement 
Autonome)
ID-17 13/2 /09 GUEYE
Mamadou
RD-12 ONAS Head of On-site Sanitation Service 
(Chef Service Assainissement 
Autonome)
ID-18 20/2 /09 GUEYE
Mamadou
RD-12 ONAS Head of On-site Sanitation Service 
(Chef Service Assainissement 
Autonome)
ID-19 25/9 /09 GUEYE
Mamadou
RD-12 ONAS Head of On-site Sanitation Service 
(Chef Service Assainissement 
Autonome)
ID-20 21/10/09 GUEYE
Mamadou
RD-12 ONAS Head of On-site Sanitation Service 
(Chef Service Assainissement 
Autonome)
ID-21 26/11/09 GUEYE
Mamadou
RD-12 ONAS Head of On-site Sanitation Service 
(Chef Service Assainissement 
Autonome)
ID-22 16/10/09 GUEYE
Ousmane
RD-13 exAGETiP, 
NdimbeuI Jaboot 
(local CBO)
PAOPUD Community Coordinator, 
Bargny
ID-23 17/2 /09 KALY
Eugene
RD-14 Le Soleil 
(Senegalese 
French-language 
daily)
Journalist
ID-24 16/10/09 KANE
Leity
RD-15 exAGETiP PAOPUD Community Coordinator, 
Hann
ID-25 25/2 /09 KONATE
Kadiatou
RD-16 Hydroconseii
(Engineering
Consultancy,
Dakar)’
Engineer [Worked as Ouaiity Surveyor 
on 3 schemes (Cité Ousman Fall, 
Ouakam, Cambérène).]
ID-26 15/10/09 KONATE
Kadiatou
RD-16 Hydroconseil
(Engineering
Consultancy,
Dakar)
Engineer
ID-27 19/2 /09 MBENGUE
Mamadou
RD-17 Member of the Yoff-Tonghor 
Community ManagemenCommittee 
(Comité de Gestion du Viiiage Yoff- 
Tonghor)
ID-28 26/11/09 MBENGUE
Victor
RD-18 INGEOUiP
(Engineering
Consultancy,
Dakar)’
Engineer [Worked as Ouaiity Surveyor, 
Rufisque.]
ID-29 26/11/09 NDAW
Fadi
RD-19 PEPAM Coordinator [Leading figure in the 
initiation and planning of the sanitation 
developments in Senegal, including the 
PAOPUD settled sewerage schemes.]
ID-30 9 /2 /0 9 NDIAYE
Alioune
RD-20 ONAS Engineering Consultant [M r Ndiaye was 
a leading technical figure in the design 
of the PAOPUD settled sewerage 
schemes.]
ID-31 24/2 /09 NDIAYE
Alioune
RD-20 ONAS
ID-32 21/10/09 NDiAYE
Alioune
RD-20 ONAS
ID-33 25/2 /09 NDiAYE
Birane
RD-21 AGETIP/CODiV PAOPUD Community Coordinator, 
Ouakam
ID-34 26/2/09? NDiAYE 
Mor Diarra
RD-22 Cabinet EDE Engineer [Worked as Ouaiity Surveyor, 
Yoff and Hann.]
ID-35 24 /9 /09 NDIAYE
Moussa
RD-23 PAOPUD Project 
Manager (Che/de 
Projet)
ONAS [Interviewed immediately before 
Mostapha Sarr (the other CdP). The 
two CdP's worked under Mamadou 
Gueye.]
ID-36 9 /2 /0 9 NIANG
Ndiogou
RD-24 CREPA Senegal Director
ID-37 7 /2 /0 9 NIANG
Seydou
RD-25 IFAN {Institut 
Fondamental 
d'Afrique Noire, 
African institute 
of Basic Research)
Researcher [Not closely Involved with 
PAOPUD: research interest in small- 
scale decentralised wastewater 
treatment.]
ID-38 1/1/09 SAMBA
Mame Amadou
RD-26 Mayor (maire) of 
Cambérène
Politician
ID-39 21/10/09 SARR
Cheikh
RD-27 GEOH
(Engineering
Consultancy,
Dakar)’
Director
ID-40 21/10/09 SARR M. RD-28 GEOH
(Engineering
Consultancy)
Engineer [Worked as Ouaiity Surveyor, 
Mbao.]
ID-41 14/2 /09 SARR
Mostapha
RD-29 PAOPUD Project 
Manager (C he/de 
Projet)
ONAS [Interviewed immediately after 
NDIAYE Moussa.]
ID-42 14/2 /09 SARR
Mostapha
RD-29 PAOPUD Project 
Manager (Chef de 
Projet)
ONAS
ID-43 20/10/09 SOW
Ousmane
RD-30 exAGETiP,
Jamono
ex PAOPUD Community Coordinator, 
Cambérène
ID-44 1 9/2 /09 SY
Adjii
RD-31 AGETIP, APECSY 
(local CBO)
PAOPUD Community Coordinator, Yoff
ID-45 1 3/10/09 SY
Adjii
RD-31 AGETIP, APECSY 
(local CBO)
PAOPUD Community Coordinator, Yoff
ID-46 2 1/2 /09 SY
Mamadou
RD-32 ex AGETIP, 
BOKKWARR (local 
CBO)
PAOPUD Community Coordinator, 
Rufisque
ID-47 1 4/10/09 SY
Mamadou
RD-32 ex AGETIP, 
BOKKWARR (local 
CBO)
PAOPUD Community Coordinator, 
Rufisque
ID-48 18/11/09 TOUNKARA
Astou
RD-33 AGETIP Community Development Specialist
ID-49 10/2 /09 TOURESerigne RD-34 Cabinet EDE 
(Engineering 
Consultancy, 
Dakar)’
Engineer [Cabinet EDE, and particularly 
its director Cheikh Toure, played a 
central role In the early planning and 
implementation of the PAQPUD settled 
sewerage project.]
ID-50 3 /2 /0 9 VACHER
Alexandre
RD-35 EC Senegal Head of W ater and Sanitation 
Programme (Chargé de Programme)
ID-51 18/2 /09 VACHER
Alexandre
RD-35 EC Senegal Head of W ater and Sanitation 
Programme (Chargé de Programme)
These consultancies have been involved In PAQPUD both at the project planning/design stages, and also as maitres d'œuvre, 
here translated as "quality surveyor", but in fact with no direct equivalent in the UK: in Senegal as In France, the maitre 
d'œuvre Is an engineering consultant whose role broadly corresponds to a combination of the UK roles of quantity/quality 
surveyor and project manager.
B) SEMI-STRUCTURED INTERVIEWS, ACCRA
INTERVIEW
NUMBER
DATE RESPONDENT
SURNAME
Forename
RESPONDENT
NUMBER
ORGANISATION POSITION
IA-1 12/11/09 ACKON Stephen RA-1 Accra Metro  
Sewerage Unit
Environmental Health Engineer
IA-2 13/11/09 ADAMS Ismael RA-2 CHF International 
Ghana
Civil Society Support Manager
IA-3 5 /1 1 /0 9 AWUAH Esi RA-3 Kwame Nkrumah 
University of 
Science and 
Technology 
(KNUST), Kumasi
Professor of Civil Engineering
IA-4 3 /11 /09 DARTEH Bertha RA-4 Switch ACCRA Coordinator
IA-5 13/11/09 KANE Michael RA-5 African 
Development 
Bank (AfDB)
ASiP Project Manager
IA-6 13/11/09 OSEI-TUTU
Henrietta
RA-6 Switch ACCRA Assistant City Facilitator
IA-7 5 /11 /09 SALIFU Lukman RA-7 Waste Care 
Associates
CEO
IA-8 13/11/09 TETTEY-LOWOR
Frederick
RA-8 Safi Sana Ghana 
Ltd.
Program Manager
C) SEMI-STRUCTURED INTERVIEWS, NAIROBI
INTERVIEW
NUMBER
DATE RESPONDENT
SURNAME
Forename
RESPONDENT
NUMBER
ORGANISATION POSITION
IN-1 22/6 /11 ALABASTER
Graham
RN-1 UN-Habitat
Nairobi
Chief, Section 1, Water, Sanitation and 
Infrastructure Branch
IN-2 23/6 /11 MBACHIA
Samuel
RN-2 Athi W ater 
Services Board
Technical Manager
IN-3 23/6 /11 MUGUNA
Nahason
RN-3 Nairobi City 
W ater and 
Sewerage 
Corporation
informal Settlements Manager
IN-4 27/6 /11 MUGUNA
Nahason
RN-3 Nairobi City 
Water and 
Sewerage 
Corporation
informal Settlements Manager
IN-5 27/6 /11 MWANGI
Patrick
RN-4 W ater & 
Sanitation 
Program, Nairobi
Senior W ater and Sanitation Specialist
IN-6 22/6 /11 ROHDE
Andreas
RN-5 World Bank, 
Nairobi
Senior Sanitary Engineer
APPENDIX II
Norman G & Chenoweth J (2009) Appropriateness of low-cost sewerage 
for African cities: a questionnaire survey of expert opinion. Waterlines 
28: 311-326.
• Also appended here is the questionnaire used for the expert opinion 
assessment.
Appropriateness of low-cost sewerage for 
African cities: A questionnaire survey of 
expert opinion
CUY NORMAN and JONATHAN CHENOWETH
A questionnaire survey was circulated via internet-based sanitation forums 
to assess prevailing expert opinion about the appropriateness o f low-cost 
sewerage for African cities. The questionnaire explored opinions about low- 
cost, solids-free sewerage (settled sewerage), low-cost, solids-transporting 
sewerage (simplified sewerage, condominial sewerage), and conventional 
solids-transporting sewerage. A total o f 61 valid responses were obtained: 
83 per cent o f respondents considered low-cost sewerage to be 'sometimes' or 
'often' appropriate for lower-income districts o f African cities, versus 17 per 
cent who considered it 'never' or 'very rarely' appropriate. In  contrast, only 
44 per cent o f respondents considered conventional sewerage to be 'some­
times' or 'often' appropriate. Thus low-cost sewerage is widely viewed as an 
important option to be given serious consideration during urban sanitation 
planning in African contexts. However, most respondents consider it appro­
priate only in certain specific situations, and many express concern about 
costs and long-term maintainability. Respondents' comments concerning 
specific situations in which low-cost sewerage may be appropriate are dis­
cussed in detail.
Sanitation 
approaches 
appropriate for a 
wealthy, flat city 
with arid climate 
will probably not 
be appropriate for a 
poor, hilly city with 
humid climate
Keywords: sanitation, low-cost sewerage, Africa, small-bore sewerage, 
solids-free sewerage, solids-transporting sewerage
P r o v is io n  o f  a d e q u a t e  s a n it a t io n  remains a m ajor problem for most 
African cities (WHO/UNICEF, 2006; AMCOW, 2008). However, prac­
titioners and researchers often appear to have w idely divergent op in­
ions about the most appropriate solutions to  use. One obvious reason 
for th is is tha t the su itab ility  o f d ifferent approaches varies according 
to  context: so approaches appropriate for a wealthy, fla t c ity  w ith  arid 
climate w ill probably not be appropriate fo r a poor, h illy  c ity  w ith  
hum id climate. Indeed, the most appropriate solutions w ill often 
vary from  one d istrict o f a c ity  to  another. A second d ifficu lty  is in
Guy Norman (guy_norman@yahoo.es) is with the Robens Centre for Public and Environmental Health, University of 
Surrey, UK, and Jonathan Chenoweth is with the Centre for Environmental Strategy, University of Surrey, UK. 
The authors thank Steve Pedley and Kathy Pond for comments on early versions of the questionnaire; Aidan Cronin, 
Duncan Mara and Brian Reed for piloting and commenting on the near-final version; and the 10 experts who com­
mented on the draft conclusions of this report, namely Rasheed Abiodun Ayeni, Marc Boncz, Jeff Broome, Barbara 
Evans, John Harrison, Peter Hawkins, Richard Holden, Stephen Hugman, Jonathan Parkinson and Kevin Tayler.
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Flush toilets that 
dispose into local 
waterways are 
economically and 
environmentally 
unsustainable
Can cheaper 
forms of sewerage 
be operationally 
sustainable in 
African contexts?
quantifying cost-effectiveness: in  a given context, we may be able to 
approximately predict the per-household investment costs o f diverse 
options (e.g. 'no action', 'urine-diverting latrines' or 'sewerage'), but 
it  w ill be very d ifficu lt to accurately assess the life-cycle costs and rela­
tive benefits o f each option. A th ird  d ifficu lty  is o f interdependence: 
for example an acceptable system based on p it latrines may require 
sludge treatment, w hich in  practice w ill often take place in  the treat­
ment facilities used for sewerage wastewater.
The appropriateness o f waterborne sewerage for African cities is 
particularly controversial, w ith  some authors regarding sewerage as 
fundam entally anti-poor: fo r example, A llen and Hoffman (2008) 
state that 'efforts by policymakers and bureaucrats seem to focus on 
network sewerage and centralized systems tha t do little  to improve 
sanitation in  urban low-income areas'. Certainly many previous sew­
erage projects have performed very poorly, often achieving much 
lower coverage than planned (W right, 1997). Sewerage is also w idely 
criticized on environm ental grounds: so for example SuSanA (2008) 
refers to  a growing consensus 'tha t conventional approaches -  flush 
toilets connected to centralized wastewater treatm ent plants that dis­
pose in to  local waterways -  are economically and environm entally 
unsustainable'. The situation is further complicated by the existence 
o f various low-cost sewerage solutions, developed most notably in  
Brazil and in  Pakistan. These solutions use technical strategies (such 
as smaller-diameter pipes, local materials, shallower gradients or less 
frequent inspection points) and/or socio-organizational strategies 
(including com m unity financing, com m unity construction and com­
m unity  maintenance) designed to reduce costs, and thus to make 
sewerage more affordable for poorer communities: for overviews, see 
Mara (1996); for outcome evaluations, see especially Watson (1995), 
Vines and Reed (1991a, b), Zaidi (2001) and Nance and Ortolano 
(2007). These low-cost approaches have been in  use since the 1980s, 
but to date have scarcely been piloted -  le t alone used at scale -  in  
sub-Saharan Africa (see Tayler 2004). W hy is this? Are these solutions 
viewed by sanitation specialists as inappropriate in  African contexts, 
or indeed as inappropriate in  general?
These questions are particularly relevant in  the wake o f the Interna­
tiona l Year o f Sanitation 2008. lYS documentation (UN-Water 2008) 
notes that 'in  some poor urban communities, where housing is perma­
nent and livelihoods on the "up", cheaper forms o f sewerage -  small 
diameter pipes, community-based management and maintenance 
-  are practicable and can be connected to the m ain sewer system'. Is 
th is view w idely held by sanitation specialists? In  particular, can sys­
tems o f th is type be operationally sustainable in  African contexts?
W ith  the aim o f answering these questions, the present question­
naire study assessed prevailing opinions and attitudes about the ap­
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propriateness o f low-cost sewerage for low-income districts o f African 
cities. The questionnaire was distributed via internet forums used by 
sanitation specialists.
Low-cost, solids- 
transporting 
systems are 
reduced-cost 
systems in which 
all wastes are piped 
away
Methods, scope and limitations
The questionnaire was w ritten  w ith  the explic it aim o f assessing opin­
ions and attitudes about low-cost sewerage. Questions about conven­
tiona l sewerage were also included, for comparative purposes. A PDF 
copy o f the questionnaire is available from  the authors on request.
The questionnaire started w ith  a brie f de fin ition  o f terms. Low-cost, 
solids-free sewerage systems (settled sewerage systems, sewered in te r­
ceptor tank (SIT) systems, small-bore sewerage) are systems in  w hich 
large solids are settled out in  an interceptor tank near the to ile t, and 
only the liqu id  fraction o f the wastewater is piped away. Low-cost, 
solids-transporting systems (sim plified or condom inial sewerage sys­
tems) are reduced-cost systems in  w hich all wastes, includ ing large 
solids, are piped away, as in  conventional sewerage; the systems de­
veloped in  Brazil and Pakistan are o f th is type. Conventional sewerage 
systems are conventional solids-transporting systems, w ith  no specific 
adaptations for reduced cost. The questionnaire follows th is simple 
three-way classification, though recognizing tha t other classifications 
are possible, and in  particular tha t the d ivid ing line between low-cost 
and conventional solids-transporting systems is not always clear-cut; 
see also below.
The questionnaire was administered w ith in  SurveyMonkey (www. 
surveymonkey.com/Default.aspx), an online too l fo r creating, d istrib ­
u ting  and collecting responses from  internet surveys. After p ilo ting , 
the fina l version was circulated in  January 2009 to  several in ternet 
forums (the EcoSanRes group, ecosanres@yahoogroups.com; the Wa­
ter and San Applied Research group, water-and-san-applied-research@ 
jiscmail.ac.uk; the Urban Water Supply and Sanitation Reform group, 
urbanwater@dgroups.org), and to  several closed groups via tha t 
group's adm inistrator (the 'Sanitation and water management in  de­
veloping countries' group o f the International Water Association; the 
ATPS [African Technology Policy Studies] network; WATSANET [Water 
and Sanitation Network in  Tanzania]; UWASNET [Uganda Water and 
Sanitation Network]; the TREND group [Ghana]; the Water and Sani­
ta tion  Association o f Zambia). Note the deliberate inclusion o f both 
EcoSanRes (which we m ight expect to  be relatively 'anti-sewerage') 
and the W orld Bank-related Urban Water Supply and Sanitation Re­
form  group (which we m ight expect to be relatively 'pro-sewerage').
The questionnaire was kept online for about 2 m onths, during 
w hich tim e a to ta l o f 105 responses were obtained; o f these, 61 (58
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There were a 
small number of 
responses from 
African professionals
per cent) were classed as valid (i.e. w ith  com pletion of most ques­
tions, and supply o f a name and email). Most o f the inva lid  responses 
consisted sim ply o f an answer to the first question. In  what follows, 
we consider on ly the 61 valid responses.
Self-reported respondent characteristics (n = 61) can be briefly sum­
marized as follows: 25 per cent sanitation engineers or sim ilar, 21 per 
cent academic researchers, 13 per cent NGO sanitation specialists, 8 
per cent sanitation consultants, 33 per cent other (Question 24); 28 
per cent from  sub-Saharan Africa, 25 per cent from  UK, 48 per cent 
from  rest o f world (Question 23). Four respondents were from  South 
Africa (where low-cost sewerage solutions have been piloted but w ith  
little  success, for basically po litica l reasons; see e.g. Eslick and Har­
rison, 2004). Excluding South Africa and M auritius, on ly 11 respon­
dents were currently working in  sub-Saharan Africa, and of these only 
four were African nationals. Some potentia l African respondents may 
not have a sufficiently good internet connection to  enable comple­
tio n  of an online questionnaire, and in  view of this we also d istrib­
uted text-only versions. The small number o f responses from  African 
professionals may also reflect other factors (e.g. infrequent participa­
tio n  in  email-administered forums). In  addition, the questionnaire 
was only made available in  English, not in  French or other relevant 
languages.
Follow ing analysis o f the questionnaire findings, a draft version of 
th is report was sent to 10 selected respondents, all w ith  strong expe­
rience o f urban sanitation in  Africa. The respondents were asked to 
review the Conclusions section, w ith  the aim of ensuring that the 
report fa irly  represented all views expressed in  the questionnaire, and 
accurately summarized m ajority views.
A dear majority 
of respondents 
consider that low- 
cost sewerage may 
be a serious option 
in some contexts
Findings
Sum m arized findings
The fu ll questionnaire text and findings (except for respondent names 
and other identify ing details) are available from  the authors on re­
quest. In  what follows, we present a summary o f responses (abbrevia­
tions: Q = question, R = respondent).
O f the 61 respondents, 83 per cent considered low-cost sewerage 
to  be 'sometimes' or 'o ften ' appropriate for lower-income districts of 
African cities; on ly 17 per cent considered it  'never' or 'very rarely' 
appropriate (Figure 1) (Q l). Thus a clear m ajority o f respondents con­
sider that low-cost sewerage may be a serious option in  some con­
texts. (If we consider the 41 inva lid  responses rather than the 61 valid 
responses, the percentage considering low-cost sewerage to be 'some­
tim es' or 'o ften ' appropriate was somewhat higher (90 per cent): this
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Low-cost sewerage 
may be cheaper 
per capita than 
on-site solutions in 
settlements with 
high population 
density
suggests that respondents who started but abandoned the question­
naire had broadly sim ilar views, or indeed somewhat more pro-sewer­
age views, than those eventually included in  the analysis.)
In  contrast, only 44 per cent o f the 61 respondents considered con­
ventional sewerage to be 'sometimes' or 'o ften ' appropriate for lower- 
income districts of African cities, versus 56 per cent who considered it  
be 'never' or 'very rarely' appropriate (Figure 1) (Q7). Nonetheless, 44 
per cent is by no means a negligible proportion, as discussed below.
Evidently, the appropriateness of any sanitation solution w ill de­
pend on the environm ental and sociodemographic characteristics of 
the c ity d istrict under consideration. To explore opinions about this, 
respondents were asked whether they agreed or disagreed w ith  the 
statements shown in  Table 1. Respondents showed some degree o f 
consensus: a) that p it latrines are often problematic because of lack o f 
space; b) that p it latrines often cause contam ination of water sources; 
c) that the capital costs of sewerage network extension w ill be reduced 
if  trunk sewers already exist nearby; d) that low-cost sewerage may 
be cheaper per capita than on-site solutions in  settlements w ith  high 
population density; e) that low-cost sewerage should be given serious 
consideration in  areas w ith  high water table or regular flooding; and 
f) that householders themselves w ill usually prefer waterborne sewer­
age over on-site systems. Responses to other statements indicate lack 
of consensus and/or a recognition o f context-dependence: thus for 
example some respondents th in k  low-cost sewerage w ill tend to nega­
tive ly impact the region's water resources (25 per cent), others that it  
w on 't (36 per cent), and s till others that 'i t  depends' (36 per cent). In
100%
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Figure 1. Proportion of respondents (n = 61) who considered low-cost sewerage 
(left) and conventional sewerage (right) to be 'never', 'very rarely', 'sometimes' 
or 'often' appropriate for low-income districts of cities in sub-Saharan Africa
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additional comments (Q3), several respondents pointed out that it  is 
d ifficu lt to generalize about the appropriateness o f low-cost sewerage:
Decisions about authors certainly recognize that th is is the case.
Several respondents stressed that decisions about the possible in tro - 
possiDie Auction o f sewerage require detailed context-specific analysis: so, for
introduction of example. Respondent 2 (Q12) states a need for 'prelim inary analysis
sewerage require taking in to  account a) urban design and constraints, b) ra in fa ll and
detailed context- drainage, c) soil in filtra tio n  capacity, d) size o f household plots, e)
specific analysis household and communal affordability, and f) alternative on-site so-
----------------------------- lu tions includ ing ecosan solutions'.
Table 1. Summary of responses to Question 2, in which respondents were asked to agree or disagree with each 
of statements a -p . A 'maybe' option was also offered ('if you're not sure or it depends'). The responses were then 
scored with 1 for each 'agree' response, 0 for each 'maybe' response, and -1 for each 'disagree' response; so mean 
scores close to 1 or -1 indicate consensus. The statements were originally listed in an arbitrary order; here they are 
listed in order of mean score magnitude. Most statements were rated by all 61 respondents; four were rated by 
only 60 or 59.
Statement Agree
%
Maybe
%
Disagree
%
Score
%
a) 'In dense urban settlements, plot sizes are often so small that there is no 
space to dig new pit latrines'
72 21 7 0.66
b) 'Pit latrines are often a big problem in dense urban areas because they cause 
faecal contamination of water sources'
67 26 7 0.61
c) 'If trunk sewers already exist nearby, the capital costs of network extension 
will be relatively low'
59 38 3 0.56
d) 'In settlements with high population density, low-cost sewerage may be 
cheaper per capita than on-site solutions'
59 36 5 0.54
e) 'Low-cost sewerage should be given serious consideration in areas with high 
water-table or regular flooding'
61 25 15 0.46
f) 'Householders will usually prefer waterborne sewerage over on-site systems' 51 38 12 0.39
g) 'It will probably be difficult to achieve adequate community involvement for 
low-cost sewerage projects'
18 30 53 -0 .34
h) 'Domestic w ater supply will usually be insufficient (or too intermittent) for 
proper function of low-cost sewerage'
50 33 17 0.33
i) 'Low-cost sewerage systems will probably fail because of poor maintenance' 43 48 10 0.33
j) 'If pit emptying systems are failing severely, low-cost sewerage should be 
seriously considered'
48 34 18 0.30
k) 'The capital costs of low-cost sewerage systems will invariably be too high' 14 46 41 -0.27
1) 'Low-cost sewerage is only appropriate in communities that produce large 
volumes of greywater (sullage)'
27 23 50 -0.23
m) 'Waterborne sewerage will probably lead to increased pollution of rivers and 
other water bodies'
38 44 18 0.20
n) 'The overall w ater requirement for low-cost sewerage will be too high, 
exacerbating city-level or regional water scarcity'
25 39 36 -0.11
o) 'Low-cost sewerage solutions will rarely be pro-poor because of inadequately 
secure land tenure'
28 40 33 -0.07
p) 'M ost householders w on 't be willing or able to pay for operation and 
maintenance of a low-cost sewerage system'
30 46 25 0.05
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'When all the 
costs are added 
up there is 
minimal difference 
between what is 
called low-cost 
and conventional 
sewerage'
Low-cost sewerage versus conventional sewerage
Before progressing further, we should note a response tha t queried 
whether Tow-cost sewerage' is a m eaningful term. Specifically, Re­
spondent 62 wrote: 'when a ll the costs are added up (toilet, structure, 
household pipes, township reticulation, ou tfa ll sewers and works), 
there is m in im al difference between what is called low-cost and con­
ventional sewerage'. This statement perhaps reflects two separate 
judgements: a) that low-cost sewerage is often dependent on existing 
or required infrastructure (trunk sewers, treatm ent plants, etc.) that 
is not taken in to  account in  costings; and b) tha t many o f the cost- 
reducing features of low-cost sewerage (narrower pipes, com m unity 
labour, etc.) are false economies in  tha t they may reduce performance 
and/or increase life-cycle costs. So Respondent 62 states that
Waterborne sewage has m inim um  gradients for a very good 
reason, tha t is to  ensure tha t the solids do not settle out in  the 
pipes...In very dense settlements, where the volume rapid ly in ­
creases, the gradients can be reduced and thus keep the sewer 
shallow. Where the sewer is less than 1 m deep it  is possible to 
bu ild  very simple [inspection chambers]; beyond th is a manhole 
tha t can accommodate a person is required...On w hy m ainline 
sewers are 150 mm diameter and [household pipes] 100 mm  d i­
ameter there is a very good reason for this. I f  something large gets 
in to  the pipe it  w ill stick in  the 100 mm pipe and the household 
w ill have to clear it; i f  it  gets through to the 150 mm pipe, the 
chances are it  w ill no t block the pipe. For a very m in im al capital 
cost saving, problems are created for the m unicipality.
Replying to this. Respondent 40 notes tha t there is no fundam ental 
reason w hy connections should no t be 75 mm diameter (though a 
lack o f suitable sanitary fittings is an obvious obstacle in  practice).
In  what follows we w ill use the term Tow-cost sewerage' in  a deliber­
ately broad sense to refer to  systems o f household/neighbourhood con­
nection in  which efforts have been made to reduce construction costs 
through application o f technical and/or socio-organizational strategies. 
We note: (1) that it  is possible to  bu ild  systems that apply some but not 
all o f these strategies; and (2) that the application o f these strategies 
w ill not necessarily be successful in  reducing life-cycle costs.
Many considered 
low-cost sewerage 
to be the correct 
choice only in very 
specific situations
Low-cost sewerage: general appropriateness for African cities
As noted, most respondents consider low-cost sewerage to be an ap­
propriate solution in  some situations. However, a significant m ino rity  
consider it  to be very rarely or never appropriate, and many people 
in  the 'sometimes appropriate' category consider it  to  be the correct 
choice on ly in  very specific situations.
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'Sewerage systems 
not discharging 
to some sort of 
treatment system 
are most likely to be 
anti-poor'
O nly one respondent considered that low-cost sewerage can never 
be an appropriate solution for lower-income districts o f African cities, 
though he noted tha t it  may be an option 'fo r high- and m iddle-in- 
come peri-urban areas' (R61, Q3). Another respondent suggested that 
low-cost sewerage is 'probably unrealistic unless there is significant 
buy-in from  the com munity, and d ifficu lt in  cities that are spread 
w idely geographically' (R48, Q5). Other m ajor critiques of sewerage 
came from  ecosan specialists: 'You are just ta lking about sewers -  what 
about the treatm ent at the end of the pipe?' (R42, Q3); 'Sewerage sys­
tems not discharging to some sort o f treatm ent system are most like ly 
to  be anti-poor and disastrous for the population and environm ent' 
(R53, Q12).
More favourable opinions included the follow ing: '1 believe there 
is huge opportun ity to  reduce costs and s till achieve appropriate 
functiona lity...using reduced standards for construction (particu­
la rly depth o f buria l where appropriate)' (R14, Q5); 'in  dense urban 
areas waterborne sewage is the most cost-effective way of transport­
ing excreta and greywater out o f the urban area' (R62, citing Holden, 
2008).
The most strongly favourable view was expressed by Respondent 
60, a leading proponent o f low-cost solids-transporting sewerage: 'I t  
should be the sanitation system o f first choice; use other systems only 
if  shown to be cheaper (this may occur at very low  housing/popula­
tio n  densities)'.
Respondent 26 reports that between 1975 and 2007 he was involved 
in  'planning, construction and post-evaluation o f more than 50 sani­
ta tion  projects in  Africa and Asia...Often low-cost sewerage was part 
o f the comparison of technical alternatives, but was ruled out in  the 
local decision-making process at least for m ajor cities'.
A widely cited 
requirement for 
low-cost sewerage 
is water supply
Low-cost sewerage: conditions favouring
A w idely cited requirement for low-cost sewerage is o f course water 
supply: 'It's  obviously impossible to separate the question o f low-cost 
sewerage from  water supply...1 can imagine hypo the tica l where low- 
volume, low-cost sewerage is an option to drive the development of 
water supply, but in  practice it's  very hard to im agine...the water vo l­
umes come first, then the sewerage' (R45, Q4).
Another respondent stressed the importance of poor drainage: 
'Low-income areas often suffer from  drainage problems and it  is the 
flood problems and ponding of water that affect residents during the 
wet season that are the driver for demand for sewerage' (R9, Q12). In  
line  w ith  this, the authors note that in  the PAQPUD sanitation pro­
gramme in  Dakar, low-cost, solids-free sewerage is being introduced 
in  areas w ith  impermeable soils.
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Solids-free systems 
can work with 
considerably less 
water than solids- 
transporting 
systems
The appropriateness 
of low-cost solids- 
transporting 
sewerage is context- 
dependent
Conditions favouring solids-free systems. The most com m only cited pre­
condition for solids-free systems was that septic tanks should already 
exist (Q4, Respondents 3, 4, 7, 14, 25, 38). Respondent 14 (Q4) re­
ferred to  a costing exercise in  South Africa w hich found 'tha t solids- 
free was cheaper on life-cycle costs over 20 years if  the interceptor 
tanks already existed; [otherwise] conventional sanitation was cheap­
er'. Likewise, Respondent 38 (Q4) stated that 'such systems are most 
applicable where septic tanks already exist...they do not make much 
sense if  the ind ividua l tanks need to be constructed'.
Other respondents commented that solids-free systems may be ap­
propriate in  locations w ith  shallow gradients: 'bigger cities like Douala 
w ill prefer settled sewerage because of its fla t topography w hich may 
not provide adequate hydraulic gradient for systems w ithou t pumps' 
(R13, Q4); 'I  th in k  the system does have potentia l (especially for areas 
where it  is on ly possible to lay sewers w ith  fla t gradients)' (R9, Q4).
Evidently, solids-free systems can work w ith  considerably less water 
than solids-transporting systems.
Conditions favouring solids-transporting systems. Solids-transporting sys­
tems need both more water and a more regular water supply than 
solids-free systems, as h ighlighted by several respondents: '[Solids- 
transporting sewerage] may not find  a place in  sub-Saharan cities in  
view o f the water required to  create the much needed push/force be­
tween the source po in t and treatm ent site' (R25, Q5). Several people 
h ighlighted the need for a regular water supply: 'Regular water avail­
ab ility  is a requirement [for solids-transporting sewerage]' (RIO, Q5; 
see also R43); 'W hile people may be w illin g  to  carry water to  'm anual' 
flush on the odd occasion, it's  unusual for them  to  be w illin g  to  do 
this day in  day out' (R38, Q5).
Other respondents noted that whether or no t solids-transporting 
sewers can be la id to shallower gradients (one o f the central features 
o f low-cost sewerage) 'depends on the geography and settlement 
patterns' (R38, Q12); 'A  lo t depends on...the ground slopes and 
somewhere for the sewers to  be connected to  or discharge' (R9, Q5). 
Respondent 62 notes tha t 'To keep sewers shallow the m ainlines need 
to  have [a high density o f users] at the head o f the system and small 
plots so that the household lines do not run deep'.
Respondent 35 (Q5) suggests that the appropriateness o f low-cost sol­
ids-transporting sewerage is 'extremely context-dependent: [you need] 
lots o f water, decent gradients, and organized land management'.
Low-cost sewerage: conditions disfavouring
W idely cited obstacles to  low-cost sewerage were urban layout and 
planning constraints: 'the m ain constraint is the nature o f unplanned 
in form al settlements in  African cities' (R32, Q5); '[sewerage] is no t an
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It is difficult to 
achieve effective 
community 
maintenance 
necessary for low- 
cost sewerage
With settled 
sewerage there 
are the same 
faecal sludge 
management 
challenges as with 
on-site systems
option for irregular settlements w ith  lack o f town planning and un­
clear ownership of land, [but is a] good option for regular developed 
low-cost housing schemes w ith  complete infrastructure as part o f a 
project' (R26, Q5; see also R2).
This view tha t sewerage is on ly appropriate in  new -built settlements 
is certainly no t shared by many proponents o f low-cost sewerage, and 
cannot be easily squared w ith  views expressed by other respondents; 
Tf population density is h igh enough, there is sim ply insufficient 
space for p it latrines and for subsurface in filtra tio n  o f liquids, so sew­
erage may be the only feasible choice' (R20, Q5).
Another w idely perceived problem w ith  low-cost sewerage is the 
d ifficu lty  o f achieving effective com m unity maintenance (a typical 
part o f the Tow-cost' package). Respondent 45 (Q3) suggested that 
'm aking a sewerage system dependent on decentralized maintenance 
may be a devil's bargain. Counting on the householder to  do the 
righ t th ing  w ill probably work for most households, but you only 
need a few to screw it  up'. Another respondent (R14, who was person­
a lly involved in  the eThekwini low-cost sewerage pilots; see Eslick 
and Harrison, 2004) states that 'In  South Africa under the current 
po litica l dispensation community-based sewerage is very d ifficu lt to 
achieve...an appropriate system in  the current South African po litica l 
climate should be based on institu tiona l ownership and maintenance 
rather than com m unity based' (Q5). However, another South A fri­
can (R22) suggests that low-cost sewerage is a 'prom ising approach 
provided com m unity are prepared to operate and m aintain systems'. 
Respondent 8 (Q3) suggests that 'people have to be involved in  con­
struction and O&M to  give them  a feeling of responsibility and avoid 
any misuse'.
Problems with low-cost, solids-free systems. The most commonly cited 
specific concern w ith  solids-free systems is the need for desludging 
of the on-site interceptor tanks: 'W ith  settled sewerage you have the 
same faecal sludge management challenges that we see w ith  on-site 
systems.. .Once we can solve sludge management then settled sewerage 
begins to look viable where there is suitable water supply' (R6, Q4; see 
sim ilar comments from  Respondents 9, 22, 25, 26, 32, and 35). Some 
respondents queried whether solids-free sewerage can ever be justified: 
'There is a contradiction when people propose solids-free sewerage 
where emptying of on-site systems has failed' (R40, Q4; see also Re­
spondent 20, Q4). One respondent suggested that solids-free systems 
'can only work [if tankers can reach septic tanks], so for very high-den- 
sity areas w ith  few officia l roads it  is not an option ' (R ll, Q4).
However, another respondent notes that 'there is some experience 
o f systems w ith  interceptor tanks operating for long periods in  A fri­
can conditions' (R43, Q4). This is in  reference to the small, solids-free
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Some systems with 
interceptor tanks 
have operated for 
long periods in 
African conditions
High connection 
rates in sewered 
areas are important
sewerage systems examined by Vines and Reed (1991a, b) in  Zambia, 
w hich 'continue to  function more or less adequately despite the al­
most complete lack o f maintenance and the fact tha t the interceptor 
tanks have been fu ll o f g rit fo r many years' (Tayler, 2004). In  th is 
respondent's opin ion 'solids-free systems are probably more robust 
[than solids-transporting systems]' (R43, Q5).
Problems with low-cost, solids-transporting systems. The most common­
ly  cited specific concern w ith  low-cost, solids-transporting systems is 
maintenance: 'Maintenance costs may be too high for sustainable op­
erations' (RIO, Q5); 'C ondom inial sewerage requires a lo t of...sharing 
o f social responsibility...N ot a ll African settlements are prepared for 
such responsibilities' (R31, Q5); 'There are like ly  to be maintenance 
problems since it  is very hard to  keep all extraneous solids out of 
sewers' (R43, Q5). One respondent notes that the risk of blockages is 
increased in  low-income 'w iper' communities, due to a tendency to 
use cheap cleansing materials such as newspaper (R38, Q5). (In  Africa, 
'w iper' communities are typ ica lly Christian, w hile Muslims are gener­
a lly 'washers', i.e. use water for anal cleansing.)
Respondent 43 (Q5) suggests that 'Perhaps [solids-transporting] 
sewerage w ill work better in  conjunction w ith  com m unity toilets, 
where a higher flow  can be achieved, but 1 don 't th in k  that there is 
hard evidence on th is '.
Low-cost sewerage: strategies for improving outcome
Several respondents note that, i f  sewerage is selected as an appropri­
ate option, then it  must be integrated in to  broader systems for urban 
design and planning. Other respondents stressed the importance o f 
high connection rates in  sewered areas: 'Sewer connections should be 
compulsory in  reach o f sewers, otherwise [there w ill be] underutiliza­
tion  and clogging' (R26, Q3). Likewise Respondent 29 reports from  
Brazil that
Most households here use septic tanks. W hen the water company 
implements a sewage system, many w ill no t disconnect the sep­
tic  tank and connect to the sewer instead, as the income is too 
low  to afford the extra m onth ly expense. This makes the system 
more expensive (per capita) for those who do connect...it would 
thus make sense to make im plem entation o f sewerage in  a neigh­
bourhood a democratically taken decision, but when decided for 
installation, ALL should adhere.
Low-cost sewerage and wastewater as resource
Question 12 asked respondents to  consider diverse other aspects o f 
sewerage appropriateness and pro-poorness, and many commented
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Irrigation with 
nutrient-rich water 
can be a major 
benefit for poor 
communities
on wastewater reuse: 'Wastewater must be seen as a resource, then the 
whole approach and the relevance o f the choices changes'(R7, Q12); 
'Re-use o f sludge from  conventional treatm ent works as compost [can 
be considered]' (R22, Q12); 'Re-use for agriculture is prom ising but 
requires the wastewater to  be treated' (R4, Q12); 'Irriga tion  w ith  nu­
trien t-rich  water can be a m ajor benefit for poor communities -  even 
aquifer recharge w ith  proper management should be considered' 
(R52, Q12; see also R9, R25, R26).
Other respondents mentioned the possibility of biogas generation: 
'Biogas production from  centrally collected wastewater may be an op­
tio n ' (R17, Q5; see also R ll) . However, a wastewater-to-energy expert 
(R29) suggests that 'i t  w ill hardly be w orth the effort to digest the sew­
age for energy production...so the treatm ent just costs money'.
Cost-recovery 
for O&M was 
mentioned
Systems for sewerage management and maintenance
Question 13 listed various strategies for im proving management and 
maintenance, and asked respondents to rank them  from  most to  least 
im portant (Table 2). Many respondents considered that a major p rio r­
ity  is improved governance at the national or m unicipal levels. Con­
versely, many respondents considered increased state and/or donor 
investment in  infrastructures to be a low  priority.
Some respondents h ighlighted different concerns:
The lis t [in  Question 13] missed the most essential aspects: (a) 
Tariffs and cost-recovery systems -  essential fo r improved m ain­
tenance; (b) Improved communications w ith  users -  p rio r to  de­
sign and construction; (c) Assessment o f willingness to  pay for 
improved services, i.e. demand assessment; (d) Prom otion o f im ­
proved sanitation -  so people know why they should pay and are 
able to  value the services; (e) W illingness o f users to put pressure 
on the u tility  to ensure better operations and maintenance (not 
tolerating dysfunctional services)...and many more (R38, Q14).
Another respondent (RIO) noted that 'legal and regulatory frame­
works may need revision to allow for effective management o f low- 
cost sewerage systems'.
The importance o f ta riffing  and cost-recovery was mentioned by 
several other respondents: '[W ho pays capital costs is debatable], but 
users must pay O&M, or the next tim e there's a budget crisis, sewage 
w ill sp ill everywhere; [there is a need for] honest accounting, esti­
m ation and collection of maintenance costs from  consumers!' (R45, 
Q14); 'User charges (tariffs) need to be sufficient to  finance opera­
tiona l costs includ ing capital maintenance' (R57, Q14). Respondent 
57 (Q12) suggests that the sewerage charge needs to  be linked to wa­
ter consumption (typically lower among lower-income users): 'fixed 
charges for sewerage w ill invariably be anti-poor'.
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Table 2. Summary of responses to Question 1 3, in which respondents were asked to rank measures a -g  (for 
improving sewerage maintenance and management) from most important to least important. Only partial results 
are shown here: for example, measure (a) was rated as most important by 37%  of respondents, as least important 
by 7% , and in an intermediate category by the remaining 56% . The statements were originally listed in an arbitrary 
order; here they are listed in order of rating average (rating 1 -6 , least important -  most important).
Measure Most Least Rating
important important average
% % %
a) Improved governance at the national or municipal levels 37 7 4.51
b) Improved training and knowledge transfer for sanitation professionals 15 7 3.73
c) Increased state and/or donor investment in system management and/or 15 15 3.69
maintenance
d) Greater community involvement in local sewerage maintenance 13 11 3.47
e) Better rewards and career prospects for sanitation professionals 17 17 3.46
f) Increased private sector involvement in sewerage construction and/or 0 15 3.15
management
g) Increased state and/or donor investment in infrastructures 15 31 2 .97
Some respondents mentioned patronage and corruption: 'In fra ­
structure provision and management in  general should be indepen­
dent o f po litica l interference, sim ilar to the legal system' (R14, Q14); 
'[ I f  corruption is a problem], state involvem ent may lead to  unneces­
sarily big investments (more possibility to deviate m oney)' (respon­
dent code w ithheld).
One respondent suggested tha t the key problem in  African cities is 
the 'very poor knowledge base!' (R61, Q14).
Piped sewerage 
is an option 
that should be 
given serious 
consideration
Conclusions
This article does not pretend to  be a consensus statement on the 
appropriateness o f sewerage for poorer districts o f African cities, or 
to offer exhaustive consideration o f the different circumstances in  
w hich low-cost sewerage solutions m ight be appropriate. Rather, it  
has aimed to  be a neutral exploration o f the diversity o f opinions o f 
practitioners and researchers involved in  urban sanitation in  Africa. 
This said, the fo llow ing tentative conclusions can be drawn:
1. Piped sewerage may in  some situations be an appropriate 
sanitation solution fo r lower-income districts o f African c it­
ies, provided tha t long-term  management and financing can 
be guaranteed: in  other words, it  is an option that should be 
given serious consideration alongside the diverse other pos­
sible solutions.
2. Nevertheless, for many c ity  districts, other strategies (e.g. 
household or communal latrines in  conjunction w ith  a well-
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Wastewater 
removed from a 
sewered district 
must be disposed 
of or re-used 
appropriately
The need for piped 
water and stable 
tenure means that 
low-cost sewerage 
will generally not 
be judged suitable 
for very poor 
settlements
designed and properly financed system for management o f the 
wet or dry faecal waste) may be more appropriate and pro­
poor, at least as the first step in  im proving sanitation. (Here we 
note significant disagreement among the 10 respondents who 
reviewed these conclusions: some considered that on-site solu­
tions are like ly to  be appropriate in  most contexts; others that 
on-site solutions are frequently problematic, so that sewerage 
w ill often be appropriate.)
3. Many respondents stress the importance o f effluent discharge: 
wastewater removed from  a sewered d istrict must be disposed 
o f or re-used appropriately, ideally after efficient wastewater 
treatment, and in  any case in  such a way as to  avoid sign ifi­
cant negative health and environm ental impacts.
4. Sanitation planning at the c ity  or d istrict level should of 
course be a context-specific process taking in to  account a very 
wide range of local determinants that may include (but that 
are not restricted to) urban layout, vehicle access, ra in fa ll and 
drainage characteristics, soil in filtra tio n  capacity, greywater 
production, anal cleansing materials, p lo t sizes, slopes, pres­
ence o f existing infrastructure, institu tiona l capacity, funding 
constraints, willingness to  pay, and user preferences and cul­
tura l attitudes.
5. Factors that are probably prerequisites for low-cost sewerage 
(whether solids-free or solids-transporting) are: a) household- 
level piped water supply (though see Conclusion 6); and b) a 
reasonably high level o f social cohesion and stability w ith in  
the d istrict concerned, at least if  com m unity management of 
the system is envisaged.
6. The need for piped water and stable tenure means that low- 
cost sewerage w ill generally not be judged suitable for very 
poor settlements; however, sewerage systems draining com­
m unal toilets, or radical slum development solutions includ­
ing sewerage (together w ith  other interventions such as tenure 
securitization, water supply and road paving), should not be 
ruled out.
7. Many respondents note that sewerage may be particularly ap­
propriate in  districts that have greywater drainage problems, 
and/or high water table or frequent flooding. Indeed, several 
respondents suggest that greywater production is the key deter­
m inant of whether or not sewerage is the appropriate solution.
8. Factors that may argue specifically in  favour o f low-cost solids- 
free sewerage include: a) widespread existing use of septic tanks; 
and b) flat topography (i.e. topography that does not facilitate 
the steeper pipe gradients required for solids-transporting sew-
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erage). Many respondents note that there w ill be a continued 
need for sludge removal.
9. Factors that may argue specifically in  favour of low-cost solids- 
transporting sewerage (or indeed conventional solids-transporting 
sewerage) include: a) very high population densities; and b) a reg­
ular household water supply. Many respondents are concerned 
about maintenance problems arising from  low-cost construction 
and com munity management; however, some argue that these 
are often no worse than the problems arising w ith  on-site sys­
tems.
10. Many respondents note the critica l importance w ith  any sew­
erage system o f correct setting o f user tariffs, and o f effective 
institu tiona l systems for ta riff collection.
One particular comment, from  Respondent R6, is, in  our view, 
w orth h igh lighting:
W hat is needed is a flexible planning approach w hich allows in ­
vestments in  trunk services (which may be trunk sewers or fae­
cal sludge management) to  be linked to  communities as they 
develop local solutions (usually w ith  assistance, as urban sanita­
tio n  is complex to organize). Thus in  one c ity  you m ight have 
household-level on-site services, shared on-site services, low-cost 
sewers linked to trunk sewers, low-cost sewers linked to  shared 
septic tanks, etc., etc. The m ain constraint is in flexib le  standards 
based around technical inputs rather than around performance 
outcomes.
This view im plies that a city's sewered and non-sewered sanitation 
systems should be under the same management: unfortunately, th is 
is rarely the case.
Finally, we conclude by recognizing that a study o f th is type can­
not hope to supply black-and-white answers. However, we hope tha t 
th is report w ill be o f some interest, and that it  may encourage readers 
to question the ir views, and to  consider how those views m ight be 
em pirically tested.
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Introduction
This questionnaire forms part of a research project being undertaken at the Robens Centre for Public and 
Environmental Health (University of Surrey, UK). The project sets out to assess whether low-cost sewerage can 
be an appropriate solution for lower-income districts of cities in sub-Saharan Africa.
The wider project will include field studies and other components, but this questionnaire aims to assess OPINIONS  
AND ATTITUDES about the appropriateness of different types of sewerage for African cities. I t  also asks for your 
views on how to improve sewerage system management. I t  is aimed at sanitation professionals and anyone else 
with an interest in urban sanitation in Africa.
Again, this questionnaire assesses your OPINIONS (attitudes, perceptions, "gut feelings"): so please feel free to 
respond even if you have no specific practical experience of sewerage in African cities.
Please note the following:
1) Neither your name nor any other identifying details will be published without your explicit permission. However, 
in order for your response to be included in the analysis, YOU MUST SUPPLY YOUR NAME AND EMAIL ADDRESS (at 
the end of the questionnaire).
2) The questionnaire will take about 20 -30  minutes to complete.
3) I f  you do not have a good Internet connection, please email us and we will send you a text version of the 
questionnaire.
4) I t  is not essential to answer all questions. You can return to the questionnaire later to expand or modify your 
responses.
5) All respondents will be sent a summary of the results.
MANY THANKS FOR YOUR TIME!
For a summary of this research project: http://www.rcpeh.com /index.php? 
option=com_content&task=view&id=209&Itemid=578
For a very useful bibliography on low-cost sewerage: http://w w w.efm .leeds.ac.uk/C IVE/Sew erage/links.htm i
Any questions or comments: g.j.norman@surrey.ac.uk
Postal address:
Guy Norman,
Robens Centre for Public and Environmental Health,
Building AW02,
University of Surrey,
Guildford GU2 7XH,
United Kingdom.
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Scope and definitions
This f irs t page outlines the scope o f th is  questionnaire , and defines some of the term s used.
1) Low-cost sewerage systems may be SOLIDS-FREE or SOLIDS-TRANSPORTING.
la )  Low-cost SOLIDS-FREE sewerage systems are systems in which large solids are settled out in an inte rceptor tank near the 
to ile t, and only the liquid fraction of the wastewater is piped away. These systems are also called settled sewerage systems, 
sewered in te rceptor tank (SIT) systems, or sm all-bore sewerage. To date, these systems have been used in a few locations in 
sub-Saharan Africa.
lb )  Low-cost SOLIDS-TRANSPORTING systems are reduced-cost systems in which all wastes, including large solids, are piped away, 
as in conventional sewerage. S im plified and condominiai sewerage systems, as developed in Brazil and in Pakistan, are o f th is 
type . To date, these systems have hardly been used in sub-Saharan Africa.
2) CONVENTIONAL sewerage systems are conventional solids-transporting systems, w ith no specific adaptations fo r reduced cost.
3) Sewerage systems may also be categorized in diverse other ways: fo r example, they may collect from  individual households or 
from communal to ile ts ; they may be separate (wastewater only) or combined (wastewater plus storm w ater drainage); they may 
receive industria l as well as domestic wastewaters; they may discharge to some sort of treatm ent system, or d irectly to a water 
body; they may incorporate some sort of resource re-use (e .g. biodigestion to produce methane, or agricultura l re-use fo r 
irriga tion  or fe rtiliza tion ). These d iffe ren t variants are not considered ind iv idua lly here, but please feel free to comment on them 
in Section 3, or a t any o ther point in the questionnaire.
4) This questionnaire evaluates opinions about the appropriateness o f sewerage fo r LOWER-INCOME districts of African cities. 
W ithin th is defin ition we include both a) very-low-income settlem ents, typ ica lly  inform al settlem ents w ith no legal land tenure or 
precarious renta l tenure ; and b) more established settlem ents w ith less extrem e poverty, but nonetheless low incomes. In many 
African cities, a m a jo rity  of the population falls in to one or other of these categories. You may wish to distinguish between these 
two categories in your comments.
FINALLY: Please note once again th a t th is questionnaire is prim arily  about your general opinions and attitudes, not your specific 
experience of specific s itua tions. Also, we realise tha t yes/no/m aybe questions may sometimes be d ifficu lt to answer: so 
throughout the questionnaire you are offered the opportunity to respond in your own words.
LOW-COST SEWERAGE FOR AFRICAN CITIES
1) Low-cost sewerage
For lower-income districts of cities in sub-Saharan Africa, do you think that low- 
cost sewerage is...
... never appropriate 
( 2 )  ... very rarely appropriate 
... sometimes appropriate 
... often appropriate
SUBSEQUENT SCREENS WILL ALLOW YOU TO GIVE A MORE DETAILED RESPONSE.
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lâ )  Low-cost sewerage: Your opinions
Below is a list of statements about the appropriateness of iow-cost sewerage for 
iower-income districts of African cities: some positive, some negative. In  each 
case, decide whether you AGREE or DISAGREE; if you're not sure or "it depends 
on context", seiect MAYBE.
Remember: this questionnaire is about your générai opinions and attitudes.
subsequent
AGREE MAYBE DISAGREE
Please consider both soiids-free and soiids-transporting systems: a 
screen wiii offer the opportunity to distinguish between the two.
"Householders w ill usually prefer waterborne sewerage over onsite systems."
"Domestic water supply will usually be insuffic ient (or too in te rm itten t) for proper function of iow-cost 
sewerage."
"The overali water requirement for low-cost sewerage will be too high, exacerbating city-leve l or regional 
water scarcity."
"Low-cost sewerage is only appropriate in communities tha t produce large volumes of greywater 
(su llage)."
" I f  p it emptying systems are failing severely, low-cost sewerage should be seriously considered."
"In  dense urban settiem ents, p iot sizes are often so smail tha t there is no space to dig new p it la trines." 
"Low-cost sewerage systems w ill probably fail because of poor maintenance."
"Most householders won't be w illing or able to pay for operation and maintenance of a low-cost sewerage 
system ."
"Low-cost sewerage should be given serious consideration in areas with high water-table or regular 
flooding."
"Pit la trines are often a big problem in dense urban areas because they cause faecal contam ination of 
water sources."
"W aterborne sewerage will probably lead to increased pollution of rivers and other water bodies."
"In settiem ents w ith high population density, low-cost sewerage may be cheaper per capita than onsite 
solutions."
"The capital costs of low-cost sewerage systems will invariably be too high."
" I f  trunk sewers already exist nearby, the capital costs of network extension will be re la tively low."
" I t  w ill probably be d ifficu lt to achieve adequate community involvem ent fo r low-cost sewerage projects." 
"Low-cost sewerage solutions will rarely be pro-poor because of inadequately secure land tenure ."
Would you like to add any further comments?
o o oo o o
o o o
o o o
o o oo o oo o oo o o
o o o
o o o
o o oo o o
o o oo o oo o oo o o
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lb )  Lqw-cost sewerage: Solids-free versus solids-transportin
The previous screen asked you to consider low-cost solids-free and solids- 
transporting sewerage together. Do you w ant to make any comments specifically 
about SOLIDS-FREE sewerage (i.e. settled sewerage)? Do you think that solids- 
free sewerage is a promising approach for African cities? Or do you think that it's 
probably an unrealistic solution?
W hat about low-cost SOLIDS-TRANSPORTING sewerage (i.e . simplified 
sewerage, condominiai sewerage)? Do you think that low-cost solids-transporting 
sewerage is a promising approach for African cities? Or do you think that it's 
probably an unrealistic solution?
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Ic )  Low-cost sewerage: Your experience' ^
Do you have any specific EXPERIENCE of low-cost sewerage systems? Or other 
experience that you consider relevant? I f  so, please give details.
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2) Conventional sewerage
This section considers CONVENTIONAL sewerage (i.e. conventional solids-transporting sewerage).
Unlike low-cost sewerage, conventional sewerage is widely used in m ajor African cities. However, as is well 
known, these systems typically serve only 5 -1 0 %  of the city's population, generally the business centre and 
wealthy residential districts.
I t  is often suggested that conventional sewerage is an inappropriate solution for African cities, because of high 
costs, deficient maintenance, and non-coverage of poor communities.
This section of the questionnaire aims to assess whether you agree with this view, or whether you think that 
conventional sewerage systems may in some circumstances be appropriate.
For lower-income districts of cities in sub-Saharan Africa, do you think that 
conventional solids-transporting sewerage is...
... never appropriate 
... very rarely appropriate 
... som etimes appropriate 
... often appropriate
SUBSEQUENT SCREENS WILL ALLOW YOU TO GIVE A MORE DETAILED RESPONSE.
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2a) Conventional sewerage: Your opinions PL ~rg
Below is a list of statements about the appropriateness of conventional sewerage 
for lower-income districts of African cities: some positive, some negative. In  each 
case, decide w hether you AGREE or DISAGREE; if you're not sure or "it depends 
on context", select MAYBE.
AGREE MAYBE DISAGREE
"Domestic water supply w ill usually be insuffic ient (or too in te rm itten t) fo r proper function of convention 
sewerage."
"The water requirement fo r conventional sewerage w ill be too high, exacerbating city-leve l or regional 
water scarcity."
"Conventional sewerage w ill typ ica lly  lead to increased pollution of rivers and other water bodies."
"Conventional sewerage will typ ica lly lead to reduced pollution of aquifers and other water bodies."
"Conventional sewerage systems w ill typ ica lly  fail because of poor maintenance."
"Most householders won't be w illing or able to pay fo r operation and maintenance of a conventional 
sewerage system ."
"Conventional trunk sewers and trea tm ent plants enable low-cost sewerage, and can thus be pro-poor. 
"Even if poor d istricts aren't connected, sewerage has com m unity-w ide benefits."
"There is no reason why conventional sewerage systems shouldn't serve poor districts."
"Conventional sewerage is basically an ti-poor."
"The capital costs of a conventional sewerage system will invariably be too high."
"Sewerage is highly appropriate : the problem is persuading governm ents and donors to invest."
o o o
o o o
o o oo o oo o oo o o
o o oo o oo o oo o oo o oo o o
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2b) Conventional sewerage: Your opinions, your expèrieiié
FAILURES: Can you point to any specific examples of conventional sewerage 
systems in African cities that have, in your opinion, been severely dysfunctional. 
[W e're particularly interested in failures that have been documented in the 
research literature or institutional reports.]
SUCCESSES: Can you point to any specific examples of conventional sewerage 
systems in African cities that have, in your opinion, functioned reasonably well? Do 
you know of conventional sewerage systems which have in some respect been 
"pro-poor "?
CONVENTIONAL VERSUS LOW-COST: Within Africa, are you aware of any cities in 
which elements of "low-cost " sewerage design (e.g . narrow er bores, few er 
inspection chambers, shallower gradients) are being incorporated into 
"conventional " sewerage systems?
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3) Other sewerage variants
As noted at the beginning of this questionnaire, sewerage systems may be 
categorized in diverse ways: for example, they may collect from individual 
households or from communal toilets; they may be separate (w astew ater only) or 
combined (w astew ater plus storm water drainage); they may receive industrial as 
well as domestic wastewaters; they may discharge to some sort of treatm ent 
system, or directly to a w ater body; they may incorporate some sort of resource 
re-use (e.g. biodigestion to produce methane, or agricultural re-use for irrigation 
or fertilization). These possibilities have not been considered individually above, so 
would you like to make any additional comments here? Are any of these 
possibilities relevant in deciding whether sewerage can be a pro-poor solution?
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4) Sewerage system management: Ways forward
This section is primarily directed at professionals currently working in African 
sanitation (in national or municipal government, in sanitation projects, or in the 
private sector). 
Sewerage systems in African cities often (not always) have serious maintenance 
problems. Look at the following list of measures for improving sewerage 
management and maintenance, and rank them in order of importance.
MOST LEAST
IMPORTANT IMPORTANT
Increased state and/or donor investm ent in in frastructures. ( 2 )  ( 3 )  ( 2 )  C 3  C - )
Increased state and/or donor investm ent in system management and/or maintenance. ^ 2 )
Increased priva te-sector involvem ent in sewerage construction and/or management.
Greater com munity involvem ent in local sewerage maintenance.
Improved governance at the national or municipal levels.
Better rewards and career prospects for sanitation professionals.
Improved tra in ing and knowledge transfe r fo r san itation professionals.
Any additional comments or suggestions?
o oooo o o oooo o o oooo o o oooo o o oooo o
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5) Attitudes and knowledge
This section considers attitudes and knowiedge about sewerage.
Look at the following list of organisations and professional groups relevant to 
sewerage development in African cities. In  each case, do you think these groups 
tend to be too pro-sewerage (TOO PRO); or insufficiently pro-sew erage (TOO  
A N TI); or ABOUT RIGHT?
[For example, it is sometimes suggested that the World Bank spends too much 
money on sewerage and not enough money on onsite sanitation: if you agree with  
this, you should select TOO PRO; if you disagree, you should select ABOUT RIGHT 
or TOO A N T I.]
Big funders (World Bank, African Development Bank, etc.)
African governments at national, regional and city level 
In terna tiona l NGOs 
Local politicians
Sanitation engineers and other professionals involved in urban sanitation
Any additional comments?
ABOUT
TOO PRO RIGHT
TOO ANTI
O o oo o oo o oo o oo o o
Specifically considering low-cost sewerage: do you think that sanitation engineers 
and other relevant professionals in African cities have a good knowledge and 
understanding of these approaches?
Yes, most san itation professionals in Africa have good knowledge of low-cost sewerage 
No - most sanitation professionals in Africa have insuffic ient knowledge of low-cost sewerage
Any additional comments?
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6) Knowledge sharing
What EXISTING resources do you find useful for obtaining information on 
sanitation in general, and sewerage in particular?
- Such resources might include for example newsletters, journals, publications, 
websites, email discussion groups, or networks.
- These resources might be specific to your city, region or country; or they might 
be international.
- They might give information on ongoing sewerage projects; on new research and 
technologies; on upcoming meetings and other events; on professional 
opportunities for sanitation specialists; etc.
As a resource for career advancement and knowiedge transfer, do you think it 
might be useful to CREATE any of the following?
I I An Africa-wide prin t and online journal for sanitation/sewerage professionals 
I I Regional- or national-level p rin t and online journa ls for sanitation/sewerage professionals 
I I An Africa-wide email newsgroup fo r sanitation/sewerage professionals 
I I Regional- or national-level newsletters about sanitation and sewerage.
I I A news and inform ation website about sewerage in Africa
Any additional comments or suggestions?
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OK, you're practically finished. Below is a box in which you can make any additional 
comments you consider relevant. Then please go the last screen, which asks for 
some very brief personal details.
So: would you like to make any final comments about the appropriateness of 
sewerage, especially low-cost sewerage, for lower-income districts of African 
cities? I f  you think these approaches should be more widely used, what might be 
done to achieve that? I f  you think these approaches are generally a bad idea, 
what alternatives do you think will generally be appropriate?
[Please recall our initial definition of LOWER-INCOME districts, within which we 
include both a) very-low-income settlements, typically informal settlements with 
no legal land tenure or precarious rental tenure; and b) more established 
settlements with less extrem e poverty, but nonetheless low incomes.]
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Please provide the following very brief personal details. This is important so that 
we can contact you if necessary, and so that we can analyse the questionnaire 
results properly. I f  you do not provide at least name and email, w ill we NOT be 
able to include your responses in our analysis.
WE W ILL NOT PUBLISH YOUR NAME OR OTHER IDENTIFYING  DETAILS W ITHOUT  
YOUR PERMISSION.
Name:
Organisation:
City/Town; 
Country:
Emaii Address:
What is your current professional role? 
(select from list)
Your professional role in your own words...
Do you have professional experience of sanitation projects in African cities? I f  so, 
please give a brief outline.
Do you give us permission to cite your name and /or organisation in published 
reports?
Yes, I give permission fo r my name and organisation to be cited in published reports 
No, I do not give permission for my name or organisation to be cited in published reports 
( 2 )  I give permission for my organisation but not my name to be cited in published reports
Can we contact you to request a more detailed email, telephone or Skype 
interview?
No, I do not want to be contacted for further interviews.
Yes, I am happy to be contacted about a more detailed interview .
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MANY THANKS!
That's it, finished!
Very many thanks for your valuable time.
I f  you have any questions, comments or suggestions, please email me (Guy Norman) at g.j.norman@surrey.ac.uk
PLEASE SEND THE LINK FOR THIS QUESTIONNAIRE TO ANY COLLEAGUES WHO YOU THINK MIGHT BE INTERESTED 
IN GIVING THEIR OPINION:
https://www.surveymonkey.eom /s.aspx?sm=f_2bYT2J6_2fGGQXo50_2bocHqFQ_3d_3d
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Effects o f sewerage on diarrhoea and enteric infections: 
a system atic review  and meta-analysis
Guy Norman, Steve Pedley, Bab! Takkouche
Summary
Background Sanitation is inadequate in most cities in developing countries, with major effects on infectious disease 
burden; in this situation, is piped sewerage an appropriate solution, or should efforts focus on systems based on 
onsite solutions, such as latrines? We reviewed the effects o f the presence o f sewerage systems on diarrhoeal disease 
and related outcomes. We included only observational studies because so far there have been no randomised 
controlled trials.
Methods We identified relevant studies by use o f a comprehensive strategy including searches o f Medline and other 
databases from 1966 to February, 2010. In  studies that compared sewerage with one other sanitation category, we used 
relative risk (RR) estimates for sewerage versus the other category. When a single study made two or more comparisons, 
we calculated a weighted average RR value, and used this value in our meta-analysis. We used the most adjusted RR 
estimate provided by the authors; i f  no adjusted estimate was available, we used the crude estimate. To obtain pooled- 
effect estimates, meta-analyses were done by use o f an inverse variance method— ie, the study-specific adjusted log 
ORs for case-control and cross-sectional studies, and log RRs for cohort studies, were weighted by the inverse o f their 
variance to compute a pooled RR with 95% Cl.
Findings 25 studies investigated the association between sewerage and diarrhoea or related outcomes, including 
presence o f intestinal nematodes. Pooled estimates show that sewerage systems typically reduce diarrhoea incidence 
by about 30% (RR 0 • 70, 95% Cl 0 • 61-0 • 79), or perhaps as much as 60% when starting sanitation conditions are very 
poor. Studies with objective outcome measures showed even stronger pooled effect than studies that assessed 
diarrhoea incidence with interviews, while sensitivity analysis indicated that the effect remains even i f  we assume 
strong residual confounding.
Interpretation Sewerage interventions seem to reduce the incidence o f diarrhoea and related outcomes. However, we 
urge cautious interpretation o f these findings, because, in many contexts, sewerage might be less cost effective and 
sustainable than onsite alternatives.
Funding None.
Introduction
Improvements in sanitation will likely lead to reductions 
in morbidity due to faeco-orally transmitted diseases. 
The sewerage-based sanitary revolution in 19th and early 
20th century Britain is widely accepted to have had a 
massive public health effect,* but the evidence supporting 
the health benefits o f sanitation in present-day developing 
contexts is sparse.*
One of the major expected health benefits o f improved 
sanitation is reduced morbidity and mortality due to 
diarrhoeal diseases,* which remain a major contributor 
to general morbidity and mortality in  middle-income and 
low-income countries worldwide."* Worldwide deaths 
from diarrhoea in children younger than 5 years are 
estimated at about 1 9  million every year, about 20% of 
total child deaths.* In  developing countries, 10% o f the 
total burden o f disease is estimated to be attributable to 
poor water, sanitation, and hygiene, and about 60% of 
this is due to diarrhoeal diseases.*
We systematically review the effects of one particular 
sanitation solution, waterborne sewerage, on diarrhoeal 
disease and related outcomes. In  waterborne sewerage
systems, faecal wastewater firom cistern-flush or pour- 
flush toilets (and often kitchen and washing wastewater) 
is piped out o f the community for disposal elsewhere, 
ideally after treatment; common alternative solutions in 
lower-income contexts include pit latrines of diverse types, 
and pour-flush toilets discharging to septic tanks or to 
open drains. Additionally, many poor people living in 
urban environments do not have toilets in their own 
home, and use communal facilities or open defecation.*® 
Related previous reviews*’^ ** offer very useful analyses of 
water supply, sanitation, and hygiene education effects, 
but have generally analysed aU types of sanitation solution 
together, without distinguishing sewerage or other specific 
solutions. Two of these reviews applied meta-analysis.* '* 
FewtreU and co-workers* investigated the effects of 
sanitation on diarrhoeal disease, and included only four 
studies of the effects o f sanitation interventions (none of 
them sewerage interventions). Since June 2003, the end- 
date for FewtreU and co-workers’ search o f published 
work, several new studies o f sewerage effects have been 
published. AdditionaUy, our own search has identified 
several studies of the effects o f sewerage not included in
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that study. Waddington and co-workers'* investigated 
sanitation in general, but also more specifically sewerage 
and latrines; however, they include only four studies of the 
effects of sewerage in their analysis.
Whether or not to invest in sewerage (as opposed to 
onsite sanitation solutions such as latrines, septic tanks, 
or dry-composting toilets) is a practically relevant 
question for urban sanitation planners in developing 
countries." Some authors suggest that sewerage, or low- 
cost variants thereof, is the solution of choice in dense 
urban settlements,'"*" whereas others conclude that it is 
often too costly and no more effective than properly 
designed onsite sanitation.'* '* Politicians in the developing 
world are often judged to favour sewerage excessively, at 
the expense of simpler solutions that might be more 
beneficial to poor people.'® Recent estimates suggest that 
the proportion of urban households connected to sewers 
ranges from about 83% in west Asia, through 73% in 
north Africa, 62% in Latin America, 50% in east Asia, 
24% in south Asia, 19% in sub-Saharan Africa, to just 9% 
in southeast Asia.'"* In  most cities in low-income countries 
(notably in sub-Saharan Africa and southeast Asia), 
sewerage typically serves only the city’s business centre, 
and indeed some major cities (eg, Lagos) have practically 
no functional sewerage system even in central districts.
Clasen and co-workers'* have recently submitted a 
protocol to the Cochrane Collaboration for a review of the 
effect o f excreta disposal interventions on all types of 
diarrhoea, including only randomised and quasirandomised 
controlled trials. So far, however, there have been no 
randomised controlled trials of sewerage provision. Indeed, 
there are formidable barriers to the randomisation of 
interventions of this type: notwithstanding the theoretical 
possibility of stepped-wedge designs,** in practice it would 
be extremely difficult for a major sewerage project to select 
its districts o f intervention randomly and not on the basis 
of financial factors, social concerns, site topography, and 
network logic.
In  our systematic review and meta-analysis we 
investigate the association between sewerage provision 
and diarrhoea and related outcomes, considering all 
relevant studies published so far. We report the 
participants, interventions, comparands, outcomes, and 
study design as outlined in the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses statement.*'
Methods
Search strategy and inclusion criteria
We searched databases from 1966 to end February, 2010, 
to identify all potentially eligible studies. For Medline, we 
applied the following algorithm both in Medical Subject 
Heading and in  freetext words: (“sanitation” “or” “sewer*” 
or “excreta-disposal) and (“diarrhea*” or “diarrhoea*” or 
“cholera” or “shigell*” or “dysenter*” or “cryptosporid*” 
or “giardia*” or “escherichia” or “clostridium” or 
“Campylobacter” or “vibrio” or “enteric” or “entamoeb*” 
or “norovirus” or “rotavirus” or “adenovirus” or “etec” or
“parasitic” or “intestinal-parasites” or “nematode*” or 
“ascari*” or “trichuri*” or “hookworm” or “pinworm” or 
“cyclospora”). Similar strategies were used to search 
Embase (1980-2009), the Latin American and Caribbean 
Health Science Information database, and the Institute 
for Scientific Information Proceedings database. We also 
examined the references of every article retrieved and 
those o f recent reviews o f health effects of sanitation.* *-'* 
Unpublished studies were not included.
Studies were included i f  they presented original data 
from case-control or cohort studies, non-randomised 
trials, or cross-sectional studies; the outcome of interest 
was clearly defined as diarrhoea or presence of 
gastrointestinal pathogen; one of the exposure factors 
was sanitation type, and one of the levels of this factor 
was sewerage; and estimates were provided of odds ratio 
(OR), relative risk (RR), or longitudinal prevalence ratio 
(LPR; defined by Barreto and co-workers**) and its CIs, or 
enough data were provided to calculate them. After initial 
screening of titles and abstracts by GN, eligibility for 
inclusion was established independently by GN and BT; 
no disagreements arose. I f  data on the same population 
were duplicated in more than one study, the most 
complete study was included in the analysis. We included 
studies in children or adults in any region of the world; 
interventions were any piped sewerage intervention; 
comparisons were the pre-sewerage sanitation situation 
of the study’s selected non-sewerage comparison 
situation; outcomes were diarrhoea or specified enteric 
infections including helminth infections.
Data extraction and quality assessment
Data were recorded in a standard data-recording form 
developed for this study. The standard data items included 
authors, year of publication, study location (country, city 
or cities), study periods, study design, sanitation levels, 
minimum and maximum age of people participating 
(years, months), sample size, control group selection 
characteristics, follow-up periods in cohort studies 
(mean, range), outcome, outcome measurement details, 
effect estimator (OR, RR, other), effect estimate, 95% CIs, 
and adjustment factors used. When further clarification 
was necessary (particularly of sanitation levels), we 
attempted to contact the authors. Risk ratios, LPRs, and 
case-control ORs are treated as equivalent RR estimates.
18 of 25 studies included in our review compared 
sewerage with one other sanitation category, most 
commonly flush toilets discharging to septic tanks or 
open drains. In  these cases we used RR estimates for 
sewerage (sanitation level 1; LI) versus the other category 
(sanitation level 2; L2). When a single study made two or 
more comparisons (eg, sewerage vs septic tanks [LI vs L2] 
and sewerage vs latrines [LI vs L3]), we calculated a 
weighted average RR value, and used this value in our 
meta-analysis; additionally, specific subgroup analyses 
were done with the individual RR estimates for L I versus 
L2 and LI versus L3. We used the most adjusted RR
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9274 articles identified in initial searches
9274 articles Initially screened
— 9194 articles initially excluded
80 full-text articles assessed for eligibility
—► 55 full-text articles excluded |
25 studies included in review and meta-analysis
Figure 1: Flow diag ram of study selection
estimate provided by the authors; i f  no adjusted estimate 
was available, we used the crude estimate.
Study quality was assessed by use of a five-point binary 
scale that we specifically developed for this study. The scale 
is based on the Newcastle-Ottawa scale^  ^and the scale used 
by FewtreU and co-workers  ^but with modifications in view 
of standard guidelines "^^  ^and our own judgment. The first 
point assessed exposure, rating how clearly sanitation 
levels were defined: a score of one was given if  aU sanitation 
levels were described, and a score of zero for an insufficient 
description (eg, “non-sewered” without further 
clarification). The second point assessed outcome, rating 
whether the measurement was acceptable: a score of one 
was given for objective measures such as cUnical diagnosis 
or stool analysis, or interviews with a guardian with clear 
definition of diarrhoea episode and a recaU period of 
2 weeks or less, and a score of zero i f  other or unspecified 
measures were used. The third point assessed comparison 
group, rating whether the selection of a control group was 
acceptable: for cohort studies a score of one was given if  
the people in the comparison group were drawn from the 
same source populations as the people in the sewerage 
group, and a score of zero was given if  the people in the 
comparison group were drawn from different populations 
or the procedure was unspecified; for case-control studies 
a score of one was given if  the people in the control group 
had confirmed absence of recent history of diarrhoea or 
similar diseases and a score of zero was given i f  the people 
in the comparison group might have had diarrhoea or 
similar diseases recently, or no information was available; 
for cross-sectional studies a score of one was given i f  the 
people in the comparison group were drawn from same 
source populations as the people in the sewerage group 
and a score of zero was given if  the people in the comparison 
group were drawn from different populations, or i f  the 
procedure was unspecified. The fourth point assessed 
participation, rating whether participation or follow-up 
was acceptable: for cohort studies a score of one was given 
i f  loss to follow-up was less than 20% in all cohorts and a 
score of zero was given if  loss to follow-up was greater or 
unspecified; for case-control studies a score of one was
given if  there was at least 80% participation in both groups 
and a score of zero was given if  participation was lower or 
unspecified; for cross-sectional studies a score of one was 
given if  actual sample size was at least 80% of the people 
initially approached and a score of zero was given if  the 
sample size was lower or unspecified. The fifth point 
assessed confounding, rating whether adjustment, 
matching, and restriction were acceptable: a score of one 
was given i f  there was adjustment, matching, or restriction 
at least for age, and either household income or mother’s 
educational level, and a score of zero was given i f  these 
criteria were not met or unspecified. Quality scoring was 
done by GN and BT independently, and the average score 
used in subsequent analyses. The proportion of agreement 
between the two raters ranged from 91% for point two to 
100% for points one and four. Subgroup analyses done 
subsequently considering each of the five criteria separately, 
and considering the aggregate scores.
Statistical analysis
To obtain pooled effect estimates, meta-analyses were 
done by use of an inverse variance method— ie, the study- 
specific adjusted log ORs for case-control and cross- 
sectional studies, and log RRs for cohort studies, were 
weighted by the inverse of their variance to compute a 
pooled RR and its 95% Cl. This method of pooHng gives 
greater weight to large studies in the final pooled estimate. 
The presence of between-study heterogeneity was assessed 
using a parametric bootstrap version of the DerSimonian 
and Laird Q test, and heterogeneity was quantified as the 
proportion of total variance due to between-study variance 
(Ri).“ Sources of heterogeneity were explored by visual 
examination of forest plots, and by analyses of subgroups 
of studies defined by characteristics including design, 
outcome variable, subject age, study location, and type of 
sanitation comparison. We present both fixed-effects and 
random-effects pooled estimates but use and report the 
latter when heterogeneity was present, as in our main 
analysis and most subgroup analyses: the randon-effects 
model is generally thought to give more reliable results 
than the fixed-effects model, including a more conservative 
(wider) Cl, when the studies being considered show high 
heterogeneity.^^ Publication bias^ was assessed using the 
Egger test for funnel-plot assymetry.^ All analyses were 
done with the program HEpiMA version 2.1.3” and SPSS 
version 16.0 (SPSS, Inc, Chicago IE).
Results
9274 studies were identified in our initial searches, and 
after initial screening of titles and exclusion of repeat hits 
from different searches, 80 studies remained (figure 1). 
After review of abstracts, then of full texts and, where 
necessary, after communication with authors, 25 studies 
met the criteria for inclusion in our review (table 1). 
11 studies were incidence-based (six cohort studies, four 
case-control studies, and one non-randomised trial), and 
14 were cross-sectional.
538 www.theiancet.com/lnfection Vo llO  August 2010
Articles I
The studies included in our review were done between 
1980 and 2006, in ten countries. 14 studies were from 
Brazil;“ '^ “^^ '^^ *'‘^ "^ ' the other studies were from Mexico, 
Nicaragua,^^ Honduras,” Peru,’“ the USA,^  ^Iran,” Syria,'" 
Saudi Arabia,”^' and Australia.'*  ^ Precise age ranges of the 
participants involved varied, but 21 of 25 studies were of 
children, with minimum ages between 0 and 12 months 
and maximum ages between 3 months and 14 years. The 
primary outcome was diarrhoea incidence in 17 studies, 
Giardia  spp prevalence (in stool) in four studies, intestinal 
parasite prevalences (in stool) in three studies, and 
Cryptosporidium seroprevalence in one study (table 1; 
full details in webappendix). All but one^ '^  of the incidence- 
based studies had diarrhoea as an outcome.
Figure 2 shows effect estimates from the individual 
studies. Table 2 lists the pooled effect estimates for all 
25 studies and diverse subgroups. The pooled RR 
estimate from all 25 studies was 0 - 70 (95% Cl 0-61-0-79), 
with high heterogeneity and no evidence of publication 
bias (Egger’s test for funnel plot asymmetry p=0 - 21; 
figure 3). Heterogeneity remained high in most subgroup 
analyses (table 2), but was moderate among cross- 
sectional studies (Rj=0-56), studies in which sewerage 
was compared with septic-tank-only (R^=0-50), and 
studies in which the outcome was not diarrhoea (ie, 
mostly helminth prevalence; R—0-49), and low among 
studies in regions other than Latin America (R;=0-21) 
and non-child studies (Rj=0 -05).
See Online for webappendix
Design Sample* Outcome (outcom e measure) Assessment A d ju s t! Quali
Barreto (2007)” Cohort (after-before)t 1007 Diarrhoea (longitudinal 
prevalence)
Reported in the past 3 -4  days; twice weekly visits 
(3-8  months follow -up)
Yes 4 0
Checkley (2004)’“ Cohort (single area)# 110 Diarrhoea (incidence) Reported in the past day; daily visits (35 months 
follow -up)
Yes 4 0
Macias-Carrillo (2005)” Cohort (single area) Diarrhoea (incidence) Reported in the past 2 weeks; visits every 2 weeks 
(3 months follow -up)
Yes 25
de Melo (2008)” Cohort (two districts) 42 Diarrhoea (incidence) Reported in the past 2 days; visits every 2 days 
(12 m onths fo llow -up)
No 30
Moraes (2003)” Cohort (three by three 
districts)!
417 Diarrhoea (incidence) Reported in the past week; weekly visits (12 months 
fo llow -up)
Yes 3 0
Mascari ni-Serra (2010)“ Cohort (after-before)! 890 Intestinal parasites (point 
prevalence)
Stool analysis Yes 4 0
Ferrer (2008)” Case-control 3040 Diarrhoea (incidence) Diarrhoea reported by guardian as reason fo r 
consultation
Yes 2 5
Heller (2003)’ “ Case-control! Diarrhoea (incidence) Diarrhoea diagnosis in clinic Yes 2 0
Menon (1990)” Case-control 80 Rotavirus diarrhoea (incidence) Stool analysis Yes 4 0
Sobel (2004)’® Case-control 736 Diarrhoea (incidence) Diarrhoea diagnosis in clinic Yes 3 0
Kolahi (2008)” Trial (before-after)! 1046 Diarrhoea (incidence) Reported in past 2 weeks, tw o  visits, before and after 
sewerage
No 15
Almerie (2008)® Cross-sectional 1213 Giardia spp (po int prevalence) Stool analysis Yes 30
Al-Shammari (2001)® Cross-sectional 1347 Intestinal parasites (po int 
prevalence)
Stool analysis Yes 50
Boreham (198I)® Cross-sectional (two 
districts)!
130 Giardia spp (po int prevalence) Stool analysis No 30
Cifuentes (2002)® Cross-sectional 827 Diarrhoea (incidence) Reported in the past 2 weeks Yes 30
Cifuentes (2004)® Cross-sectional 1581 Giardia spp (po int prevalence) Stool analysis No 30
Gross (1989)® Cross-sectional! 52 Diarrhoea (incidence) Reported in the past 2 weeks No 30
Moraes (2004)''“ Cross-sectional (three by 
three districts)!
681 Intestinal parasites (po int 
prevalence)
Stool analysis Yes 30
Silva (2009 )* Cross-sectional 291 Giardia spp (po in t prevalence) Stool analysis Yes 3 0
Teixeira(2005)'® Cross-sectional 291 Diarrhoea (incidence) Reported in the past 3 days Yes 25
Teixeira (2007)* Cross-sectional 66 Cryptosporidium spp 
seroprevalence (po int 
seroprevalence)
Blood analysis No 3 0
Vazquez (1999)® Cross-sectional Diarrhoea (incidence) Reported in the past 2 weeks No 30
Gutierres Arteiro (2007)“ Cross-sectional! 279 Diarrhoea (incidence) Recorded m onth ly by com m unity health workers No 2 0
Pradhan (2002)“ Cross-sectional! 245 Diarrhoea (incidence) Reported in the past m onth Yes 2 0
Walker (1999)“ Cross-sectional! 1072 Diarrhoea (incidence) Reported i n the past m onth No 1 0
"The number o f people in the sewerage group, not including the comparison groups; for case-control studies, this is the total number of cases and controls in the sewerage group; for details (including the 
number of cases of diarrhoea or other outcome in each group) see webappendix. tDid the study use appropriate procedures to match control districts or subjects, and apply appropriate adjustment for likely 
sociodemographic confounders? I  Studies that specifically set out to  assess sewerage effect; the other studies included sanitation level as one exposure factor among many.
Table 1: Sum m ary o f th e  25 studies included in  the  meta-analysis
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Relative risk (95% Cl)
Barreto“
Checkley®
Macias-Carrillo*
de Melo®
Moraes#
Mascarini-Serra^
Ferrer®
Heller*
Menorf?
Sobel*
Kolahi®
Almerie®
Al-Shammari*
Boreham'®
Gfuentes®
Ofiientes'”
Gross®
Moraes®
Silva"
Teixeira®
Teixeira®
Vâzquez™
GutierresArteiro®
Pradhan^
Walker^
Overall pool (n=25)
Diarrhoea studies only (n=17) 
Sewerage vs very poor 
sanitation (n=7)
— |—
0-5
0-80 (0-76-0-84)
0-84(0-69-1-04)
0-86 (0-36-2-04)
1-12(0-86-1-47) 
0-23 (0-17- 0-32)
0-71(0-63-0-81)
1-35(0-98-1-75) 
0-51(0-42-0-61) 
0-59(0-20-1-75) 
0-59(0-35-0-99) 
0-89 (0-71- 1-12)  
0-81(0-49-1-32) 
0-74(0-66-0-85) 
0-29(0-07-0-97) 
0-59(0-34-1-00) 
0-48(0-31-0-76) 
0-56 (0-23- 1-20) 
0-91(0-73-1-14) 
0-48 (0-29-0-77) 
0-41(0-19-0-87) 
0-74 (0-46- 1-12)
0-65(0-53-0-79)
1-34(0-69-2-58) 
0-37(0-20-0-66) 
0-96(0-62-1-49)
0-70 (0-61-0-79) 
0-70(0-58-0-85) 
0-41(0-27-0-61)
—r-
1-5
—T—
2-0
—T"
2-5
—1
3-0
Figure 2: S tudy-specific re la tive  risks (RRs) fro m  th e  25 studies o f  e ffect o f  sewerage on d iarrhoea and related 
outcom es
Three pooled estimates are also shown. The dotted line represents the overall pooled estimate. RR values o f  less 
than one suggest a protective effect o f sewerage. The comparison o f sewerage w ith  very poor sanitation is a pool 
o f the  RR estimates fo r sewerage versus LB only (table 3).
The pooled estimate o f effect for studies in which the 
outcome was diarrhoea (RR 0-70, 95% Cl 0-58-0-84) 
was very similar to that for studies in which the outcome 
was not diarrhoea (0 • 71, 0 • 62-0 • 82; table 2).
The pooled RR estimate for studies o f incidence alone 
was 0 • 72 (0 • 59-0 • 88). The pooled RR estimate for studies 
that received a quality score of 3 or more was 0-67 
(0-58-0-77).
As determined by the inclusion criteria, all studies 
included sewerage as one level of the sanitation factor. 
Although in two studies”'^ " sewerage and septic tanks were 
bundled into a single factor level; the pooled RR estimate 
excluding these studies was 0-67 (0-59-0-77), compared 
with 0-70 (0-61-0-79) for all 25 studies. The other 
sanitation levels varied (ie, the sanitation types with which 
sewerage was compared; see webappendix), but in most 
cases the main comparand was flush toilet discharging to 
septic tank or open drain.
Detailed comparison of sewerage with other specific 
sanitation solutions is not possible on the basis of the
studies we reviewed, because few studies gave detailed 
information on the mix o f sanitation solutions used in  
the comparison groups. For example, in many studies the 
comparand included flush toilets discharging to open 
drains, but this might mean at best piped discharge to 
concrete-lined stormwater drains, or at worst overground 
drainage to informal ditches in the street or in the plot 
itself. Nevertheless, some exploration o f this question is 
possible. A subgroup analysis of the seven studies with a 
third “very poor” sanitation level (L3; table 3), estimates 
for sewerage versus L3 (table 3), suggests greater health 
effect (RR 0 - 41,0 - 27-0 - 61; table 2) than the corresponding 
analysis o f all 25 studies with the sewerage versus L2 
estimates (0-73; 0-65-0-82; table 2). Furthermore, six of 
the seven studies in which sewerage was compared with 
two other sanitation levels noted the expected dose- 
response type effect— ie, disease burden was lowest with 
sewerage, and lower for the nominally next best sanitation 
level than for the nominally worst sanitation level. These 
results thus accord with the expectation that sewerage 
will have a greater health effect when the starting 
sanitation situation is especially poor. Also of interest is 
whether sewerage maintains its apparent beneficial effect 
when the starting sanitation situation is relatively good. 
Five studies specifically compared sewerage with septic 
tanks only (ie, all or nearly aU households in  the 
comparison group had septic tanks). However, a subgroup 
analysis of only these five studies gave a pooled RR 
estimate o f 0-69 (0-54-0-89), not appreciably different 
from the pooled estimate of 0-71 (0-62-0-82) obtained 
for the remaining 20 studies.
Discussion
Our meta-analysis suggests that sewerage typically has 
a positive effect on enteric infectious disease burden. 
Considering all studies included in this review, pooled 
estimates suggest a reduction of about 30% (0-70, 
0-61-0-79) in  diarrhoea incidence and in  other 
indicators o f enteric disease burden; a similar reduction 
(34%) is obtained i f  we include only studies rated as 
high quality. These estimates are similar to Fewtrell 
and co-workers’  ^ estimate o f 32% (0-68, 0-53-0-87) 
derived from two studies o f the effect o f non-sewerage 
sanitation interventions on diarrhoea, and Waddington 
and co-workers'" estimate o f 31% (0-69, 0 -38-1-26) 
based on four studies o f the effect o f sewerage 
interventions on diarrhoea.
In  our analysis we noted high between-study 
heterogeneity in effect size, for which there are several 
possible explanations, including geographical variation 
in the cause of enteric infection,^ and between-study 
variation in the precise sanitation characteristics o f the 
comparison groups (ie, the groups with which sewerage 
was compared). Nonetheless, most studies included in 
this review compared sewerage with a situation in which 
most households had flush toilets discharging either to 
septic tanks or open drains. This sanitation mix is typical
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of urban districts receiving sewerage in low-income and 
middle-income countries, where sewerage systems will 
usually be constructed only in communities that already 
have household-level piped water supply. Thus our pooled 
effect estimate is an approximate estimate of the likely 
effect of sewerage in typical intervention contexts in low- 
income and middle-income countries: where the existing 
sanitation situation is very poor we can expect a stronger 
effect (eg, where there is widespread reliance on open 
defecation, or on insanitary household or public latrines, 
or where there are many flush toilets discharging directly 
to the local environment); where onsite sanitation is 
functioning well, we might expect a weaker effect. But 
certainly, pooled effect estimates in this context are 
indicative rather than definitive.
O f the studies included in our meta-analysis, some 
compared districts with sewers with districts without, 
whereas others compared districts before and after 
construction of sewerage systems (table 1). In  two 
studies," " districts that were classed as having sewerage 
systems had very low connection rates. Both the 
household’s sewerage status (connected or not to the 
network) and the district’s sewerage status (proportion 
of households connected) can be expected to affect 
disease risk, and both should ideally be taken into 
account in the multivariate analysis to estimate RRs, as 
done for example by Barreto and co-workers." By 
contrast, none of the studies in which sanitation status 
was established at household level included any form of 
adjustment for district-level sewerage coverage (although 
it would certainly be possible to do so i f  this information 
were available).
Health-effect assessments of sanitation and similar 
interventions are plagued with methodological
difficulties,” “ and some authors have expressed 
scepticism that observational studies and non-masked 
trials can ever produce valuable results in such contexts. 
Major potential sources of effect-exaggerating error 
include: biases due to absence of masking,** biases related 
to recall error when diarrhoea incidence is assessed on 
the basis of mothers’ reports, and biases due to absence 
of random allocation.
Masking of participants involved in the studies and 
interviewers is difficult or impossible in studies of large- 
scale infrastructure interventions, such as sewerage 
programmes, and this is a particular cause for concern 
when the outcome measure is a subjective report. In  fact, 
appropriately assessed self-reported diarrhoea incidence 
(our second quality criterion) is probably better described 
as semi-objective than as subjective; nevertheless, this 
concern remains. But in our analysis the pooled RR 
estimate assessing only interview-based studies was 
similar to the pooled estimate for studies that were not 
based on interview (RR 0-73 vs 0 66), arguing against an 
important effect of courtesy bias (related to a respondent’s 
desire to please the interviewer by reporting a positive 
effect of the intervention). Furthermore, the pooled RR
Num ber Fixed effects Random effects R, Q te s t
o f studies pooled RR (95% Cl) poo led RR (95% Cl) p value
All studies (sewerage vs 25 0 7 6  (074-0  79) 070  (0 6 1 -0 7 9 ) 0-87 <0-0001
other solutions)
Cohort+non-randomised 7 0 78 (075-0  82) 072  (0 5 7 -0 9 0 ) 0-96 <0-0001
trial
Case-control 4 0 69 (0 6 0 -0 7 9 ) 072  (0 3 8 -134) 0-94 <0-0001
Cohort+non-randomised 11 0 78 (074-0  81) 072  (059 -08 8 ) 0-95 <0-0001
trial+case-control
Cross-sectional 14 0 71 (065 -078 ) 068  (0 5 8 -0 7 9 ) 0-56 0-0100
All designs (sewerage vs 5 0 76 (0 67-0 86) 0 6 9  (0 54-0 89) 0-50 0-2950
septic-tank-only)
All designs (sewerage vs 25 078  (075-0 81) 0 7 3 (0  65-0 82) 0-82 <0-0001
L2 only)
All designs (sewerage vs 7 0-39 (0 37-041) 041  (027-0-61) 0-98 <0-0001
L3 only)
Outcome diarrhoea 17 0 77 (0 74-081) 070  (0 5 8 -0 8 4 ) 0-93 <0-0001
Outcome not diarrhoea 8 0 73 (0 6 7 -0 7 9 ) 0 71 (0 62-0 82) 0-49 0-0840
Child studies 21 076  (0 73-0 79) 0-66 (057-077) 0-90 <0-0001
Non-child studies 4 079  (071-0 8 9 ) 0 8 0  (071-0-90) 0-05 0-3840
Studies in Latin America 20 076  (0 73-0 79) 0-68 (0-59-0-79) 0-91 <0-0001
Studies not in Latin America 5 077 (0 69-0 8 6 ) 0-77 (0 -67-0-90) 0-21 03390
For most analyses (with high heterogeneity as shown by high between-study variance, R,) the random-effects estimate
o f Dooled effect is the appropriate estimate on which to  base conclusions. RR=relative risk. L2 and L3 are non-sewerage
sanitation levels; unless otherwise stated, comparison is of sewerage (LI) with other (12, or L2-and-L3 for studies with
a third sanitation level; see table 3 and webappendix).
Table 2: Summarised results o f meta-analyses o f  d iffe re n t su bgroups o f studies
iBOO-i
i6oo-
1400 -
ë  1 0 0 0 -
800-
600 -
4 00 -
♦ ♦2 0 0 -
05-0-5-10-1-5
In relative risk
Figures: Funnel p lo t o f inverse variance o f re la tive  risk (RR) against In R R fo rth e 2 5  studies
The study at the top  o f the p lot, w ith  very low variance, is Barreto et al (2007).”  Lack o f publication bias is indicated 
by the horizontal scatter about the lowest-variance studies.
estimate including only studies that specifically set out to 
assess the effect of sanitation on health (table 1) was 
much the same as the estimate for studies in which 
sanitation type was included as one among many 
exposure factors (0 69 vs 0 70)— this result again argues 
against influences of both courtesy bias and investigator 
bias (related to an investigator’s belief that sewerage will 
have a positive effect).
When diarrhoea incidence is assessed on the basis of 
mothers’ reports, recall error is a minor problem when
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study RR sewerage vs other* RR sewerage vs L2 onlyt RR sewerage vs L3 onlyt
Checkley (2004)’“ 
Moraes (2003)”  
Al-Shammari (2001)'" 
Cifuentes (2004)“  
Gross (1989)®
Moraes (2004)*“ 
Teixeira (2007)®
0-84 (0 6 9 -1 0 4 ) 
023  (017 -032 )
0 7 4(0  66-0 85) 
0 48 (0 31-0 76) 
056  (023 -120 ) 
091  (0 73-114) 
0 7 4(0  46-112)
085  (0 6 4 -114 )
0 3 4 (0  23-0 50)
079  (O 69-09 0 ) 
0 5 2 (0 3 1 -0  89) 
0-73 (0 28-173) 
0 9 4  (0 9 3 -0 9 5 )  
0 9 4  (050 -178 )
0 .8 4 (0  71-112) 
0 12  (0 0 8 -0 2 0 )  
0 44 (0 29-0 67) 
040  (017-0  93) 
0 46 (018 -102 ) 
0 38 (O 34-O 4O) 
057  (0 3 0 -1 0 9 )
‘ Relative risk (RR) estimates for LI versus (L2 and L3), as used in the main meta-analysis and In all subgroup 
analyses except analyses six, seven, and eight in table 2; these RR estimates are those shown for both studies in 
figure 2. tRR estimates for L I versus L2 only, and LI versus L3 only, where L3 is the poorest sanitation level; for 
example, Checkley (2004)’” compared “sewerage" (LI) w ith “ latrines or equivalent" (L2) and "no facility" (L3).The 
webappendix gives full details o f sanitation levels in each study, and o f the precise procedures used to  obtain the 
RR estimate in each case.
Table 3: Relative risk estimates from  the seven studies th a t compared sewerage w ith  tw o  other 
sanitation levels
the incidence estimate is being used to compare risk 
between different groups, as long as it can reasonably be 
assumed that the size and direction of error does not 
differ between the groups compared (Schmidt WP, 
London School of Hygiene and Tropical Medicine, 
personal communication).
Possible biases due to non-random allocation of 
participants involved in the study to the different sanitation 
conditions are certainly a serious cause for concern. 
Sanitation project beneficiaries have usually been selected 
in some way.*’ This selection might be of wealthier or 
healthier people (through self-selection as a result of 
ability to pay connection and maintenance charges, or 
subsidy capture, or better education; or through an 
administrative decision to service wealthy central districts), 
or sometimes of poorer or unhealthier people (through an 
administrative decision to target poorer individuals or 
districts). Thus health status in districts or households 
with sewerage systems might be at least partly due to 
selection bias. Most studies included in our review used 
acceptable multivariate adjustment procedures (our fifth 
quality criterion), and inadequate adjustment does not 
seem to have been a cause of effect exaggeration: the 
pooled RR was 0-64 (0-53-0-77) when this criterion was 
met and 0-78 (0-63-0-97) when it was not met. 
Nevertheless, residual confounding might remain after 
routine adjustment for sociodemographic confounders. 
To explore this further, we did a sensitivity analysis as 
described by Greenland.^ Let us assume the presence of 
an unidentified factor that halves the risk of diarrhoea (ie, 
RR disease with confounder=0 ■ 5) and that this factor is 
twice as prevalent among people with sewerage than 
among people without (ie, RR exposure with 
confounder=2). It is very unlikely that a factor so strongly 
associated with sewerage provision and diarrhoea remains 
undiscovered; however, even i f  it did, the adjusted RR for 
the effect of sewerage on diarrhoea would still be 0-78.
Our meta-analysis included cross-sectional designs, 
which are generally thought suboptimum for causal
inference. However, our analysis shows no appreciable 
difference between the pooled estimate for cross-sectional 
studies and that for incidence studies.
A potential concern in the case of incidence studies with 
long follow-up periods is lack of correction for repeated 
measures. Few studies seem to have taken this into 
account; however, we think this is unlikely to have had a 
major effect on individual-study effect estimates, or on 
our pooled estimates. Notably, the very low variance in the 
study of Barreto and co-workers" (figure 3) might be partly 
attributable to non-correction for repeated measures, but 
excluding this study from the meta-analysis had Httle 
effect on the pooled estimate (0 - 68, 0-58-0-79), versus 
0 - 70 (0 - 61-0 - 79) for all 25 studies.
We make no recommendations here about the design 
of future studies. We would however like to make a plea 
for clearer reporting. In particular, studies of sanitation 
effect should include careful descriptions of the different 
sanitation levels being compared. For example, i f  sewered 
districts are being compared with non-sewered districts, 
estimates would be helpful of the proportion of 
households in each district for which sanitation is sewer, 
flush to septic tank, flush to open drain, pit latrine, dry- 
composting toilet, or open defecation (or whatever the 
common categories are in the communities imder study), 
as well as quantitative observational data on the surface 
presence of wastewater, and other relevant indicators of 
the quality (as opposed to type) of sanitation. In  several of 
the studies we included in our review, the sanitation 
situation with which sewerage was compared was simply 
described as “no sewerage”, with no further clarification. 
Even when some further clarification was provided, in 
most cases it was insufficient to provide a clear picture of 
the sanitation situation in the districts studied. Clear 
differentiation between sanitation solutions is, in our 
view, important in studies of this type, since it is 
sufficiently clear that improvement of sanitation has 
positive health effects: what is needed is ongoing 
comparative evaluation— based on health effects and 
other relevant determinants, including cost— of different 
types of sanitation solution.
The results of our review suggest that replacement of 
urban onsite sanitation with sewerage systems typically 
has a substantial positive effect on enteric disease 
burden. This is a biologically plausible finding— ie, we 
would expect health benefits from an urban sanitation 
system that pipes faecal wastes out of the populated area, 
as long as that system is functioning reasonably well. 
However, a positive health effect of sewerage does not 
imply that sewerage is necessarily the appropriate choice 
in cities in developing countries. We cannot be certain 
that the reductions in disease burden achieved in the 
cities studied so far (mostly in Latin America) can be 
achieved in other cities worldwide. Even i f  sewerage can 
achieve a genuine reduction in disease burden, it will 
not necessarily be cost effective— in many contexts a 
greater per-dollar reduction in disease burden might be
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achieved by improvement of onsite sanitation. Estimation 
of the life-cycle costs o f different sanitation solutions in 
different contexts is complex, and beyond the scope of 
our review; however, the capital cost o f a flush toilet and 
sewer connection will be substantially more than that of 
a well constructed onsite solution.®  ^These cost concerns 
are especially relevant i f  financial resources are limited. 
Most studies included in our review have been from  
middle-income countries, such as Brazil and Mexico, as 
opposed to low-income countries in Africa and Asia 
where cost constraints are more severe and current 
institutional capacity to maintain sewerage systems is, 
in some countries, clearly inadequate. Concerns about 
whether sewerage interventions genuinely benefit poor 
people are also very relevant: most previous sewerage 
interventions in African cities have either not intended 
to provide coverage for the poorest communities or have 
aimed to do so but failed.^ Clearly, a given sewerage 
intervention can only be thought appropriate i f  it is cost 
effective, sustainable in terms o f both system 
maintenance and environmental impact, and genuinely 
of benefit to poor communities.
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A B S T R A C T
Most African cities lack piped sewerage networks; where such networks exist, they typically serve only 
wealthy districts and are grossly dysfunctional. So can low-cost sewerage systems be appropriate; or 
would efforts be better directed at non-piped sanitation solutions such as latrines and septic tanks? The 
recently terminated PAQPUD project was a World Bank-financed sanitation intervention in Dakar 
(Senegal), including about 14 million US$ for provision of settled sewerage networks in 11 low-income 
districts of the city; this is the first large-scale implementation of low-cost sewerage in sub-Saharan 
Africa. This article reports an independent evaluation of project outcome carried out in 2009. including 
the results of householder surveys in 3 of the 5 districts in which the system became operational. Various 
aspects of the project are laudable models of development project implementation, including the specific 
targeting of low-income districts, and the effective involvement of local community organizations in 
project implementation; furthermore, in the operational districts, reasonably high coverage levels were 
achieved, and beneficiary householders generally showed high satisfaction. However, overall outcome 
considering all 11 districts must be considered very poor, with only about 20-30% of targeted coverage 
achieved; this is largely attributable to deficient adjudication and management of construction contracts. 
Furthermore, in none of the operational districts has a workable organizational framework for long-term 
local network maintenance been negotiated; and in several districts system discharges probably 
constitute a significant health risk. These findings suggest that low-cost sewerage may be an appropriate 
solution in some African urban contexts, but only if diverse potential problems can be resolved at the 
planning, construction and management stages. Our findings also highlight the need for rigorous 
independent monitoring and evaluation of projects of this type.
© 2010 Elsevier Ltd. All rights reserved.
Introduction
Low-income settlements in cities throughout sub-Saharan 
Africa have notoriously poor socio-technological systems for 
excreta disposal and management, w ith major impacts on both 
health and quality of life (AMCOW, 2008). This sanitation deficit 
reflects diverse inter-related problems including low per-capita 
income, rapid urban expansion, a lack of urban planning, and poor 
institutional capacity at the municipal level. Against this backdrop, 
there is continuing debate about which strategies for sanitation 
improvement are most appropriate. Sewerage solutions (i.e. 
systems in which excreta are piped away for disposal elsewhere) 
are often viewed as too costly, too subsidy-dependent and too
* Corresponding author. Public Health Area. FHMS. Building AW Floor 2. 
University of Surrey. Guildford, Surrey GU2 7XH, UK. Tel.: +44 (0) 1483 684581. 
E-mail address: g.j.norman@surrey.acuk (G. Norman).
0197-3975/$ -  see front matter © 2010 Elsevier Ltd. All rights reserved, 
doi: 10.1016/j.habiUtinL2010.11.004
difficult to maintain for African contexts; for example, the Gates 
Foundation states that “due to the high financial and environ­
mental costs of [waterborne sewerage], it is not a feasible long­
term solution for the urban poor” (Gates Foundation. 2010). 
Certainly, most African cities lack extensive piped sewerage 
networks, and where such networks exist they are often grossly 
dysfunctional and/or seii/e only wealthy residential and business 
districts (Norman, 2009). However, many experts consider that 
sewerage can be an appropriate solution for high-density urban 
settlements, particularly where there is already a) in-plot piped 
water supply and b) major sewerage infrastructure (sewer mains, 
treatment plants, etc.) (Norman & Chenoweth, 2009). Of particular 
interest here is the experience with different types of low-cost 
sewerage solution in Brazil and other countries (Mara, 1996): these 
solutions use diverse strategies (including narrower pipes, ratio­
nalized network layouts, and community labour) in an attempt to 
reduce the high cost of local networks and household connections.
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The PAQPUD project (Programme d'amélioration de l ’assainisse­
ment des quartiers périurbains de Dakar) — funded by the World 
Bank, designed and overseen by the Senegalese sanitation 
authority ONAS (Office National d’Assainissement du Sénégal), and 
implemented by the semi-governmental public-works contracting 
agency AGETIP— was a major urban sanitation intervention that ran 
over the period 2001—2009. It formed part of World Bank Project 
P041528 (the Long Term Water Sector Project). PAQPUD specifically 
focused on lower-income urban residential districts of Dakar 
proper, together w ith lower-income urban and semi-urban resi­
dential districts forming part of Greater Dakar (départements of 
Guédiawaye, Pikine and Rufisque). Project targets included 60,000 
onsite sanitation facilities (mostly septic tanks) serving 2,70,000 
people, public and school latrines serving 30,000 people, and 
settled sewerage systems serving 1,27,000 people in 11 low-income 
districts. The total project budget was about US$43 million, about 
a third of which was allocated to the settled sewerage component. 
This is the first large-scale implementation of low-cost sewerage 
approaches in sub-Saharan Africa.
Dakar’s existing sewerage system is a conventional solids- 
transporting system serving the business centre and extensive 
residential areas (mostly wealthy and middle-income areas) of 
Dakar proper (Hoang-Gia et al., 2004). The total number of people 
with a sewerage connection is about 6,25,000. The system drains to 
a large activated sludge plant, which has recently benefitted from 
major investment by the African Development Bank (Project P- 
SN-EOO-002), and which functions reasonably well; the effluent is 
discharged to the sea via a long outfall. The systems installed under 
the PAQPUD project are settled sewerage systems (assainissement 
semicollectif). These systems derive from an approach initially 
piloted in Senegal by the Senegalese NGO ENDA-RUP (Gaye & 
Diallo, 1997). Settled sewerage (=solids-free sewerage) basically 
involves the sewering of septic tanks, such that solids settle and 
remain onsite, and only the liquid fraction is piped away (Fig. 1). 
This system is well-adapted to Dakar, where most households, even 
in low-income areas, already have a pour-flush toilet discharging to
a septic tank. Potential advantages of settled sewerage with respect 
to solids-transporting sewerage include a) that pipes can be laid at 
much shallower gradients, reducing construction costs; b) a lower 
risk of system blockages, since potential “blockers” (e.g. sanitary 
towels) are retained onsite; and c) putatively lower wastewater 
treatment costs, since much of the organic load is retained onsite. 
Potential disadvantages include a) the need to construct septic 
tanks if these do not already exist or are too small; and b) 
a continued need to empty solids from septic tanks. [Nevertheless, 
tank emptying should be much less frequent, since the liquids are 
piped away, and indeed the results of the present study indicate 
that sewered septic tanks may not show significant solids accu­
mulation even after two years of function.]
PAQPUD planners report that settled sewerage was preferen­
tially introduced in districts with impermeable soils and high water 
tables; in these districts, septic tanks regularly fill up during the wet 
season, often obliging the householder to spend significant sums of 
money on emptying (Hoang-Gia et al., 2004). A secondary criterion 
was layout: several of the districts selected have irregular layouts 
with very narrow streets (often <  2 m width), so that vehicle access 
and the laying of conventional sewers are judged to be difficult.
The 11 settled sewerage schemes are located throughout 
Greater Dakar (Fig. 2), with targeted coverage for each scheme 
ranging from about 100 to about 1400 households (Table 1). The 
initial total targeted coverage of 11,200 households was reduced to 
about 7200 households during the detailed planning stage. The four 
schemes in Dakar proper are designed to connect to the existing 
central sewerage network (with treatment at Cambérène); one 
scheme is designed to discharge to the existing stabilization pond 
in Rufisque; the remaining 5 schemes include small new-built local 
treatment plants (either anaerobic filters or, in one case, stabiliza­
tion ponds). In all cases final discharge is to the sea.
A recently published World Bank report (Guène, Diop, & 
Trémolet, 2010) has included a detailed case study of the PAQPUD 
project, carried out in late 2008, with particularly useful coverage of 
institutional aspects and of the onsite (non-sewered) sanitation
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Fig. 1. Diagrammatic representation of typical PAQPUD settled sewerage system components at the plot level. One or more pour-flush squat toilets discharge to a two-chamber 
septic tank; this drains to an interceptor tank; this drains in turn to the sewer in the street. [By contrast, a conventional solids-transporting sewerage system would have neither 
septic tank nor interceptor tank.] In the PAQPUD system, in-plot connections (ICI and 1C2), the external connection (EC), and the street sewer were all generally 110-mm-diameter 
PVC piping: the length and layout of the connections of course varies widely. This diagram shows the maximum provision: some households did not have an interceptor tank and/or 
access chamber. Exactly what was constructed for each household (septic tank and/or interceptor tank; and if either or both, what size) varied and depended on diverse factors 
including household size (and thus estimated wastewater load), existing septic tank characteristics, the householder's willingness-to-pay, and the policy of the project management 
and the contractor in each district. Septic tanks were generally about 1.5 x 3 m, depth 1-2 m; but some were significantly larger or smaller. Interceptor tanks were generally about 
1 x1 m , depth 1-2 m. Greywater (from indoor or outdoor sinks and showers) was in some cases discharged onsite to a soakaway, and in other cases drained to the settled sewerage 
system.
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component. The present study is an independent (not World Bank- 
supported) evaluation of the settled sewerage component of PAQ- 
PUD, with a view to assessing whether low-cost sewerage solutions 
can be appropriate for African cities. Of course, direct generaliza­
tion from the specific case of Dakar to the very diverse spectrum of 
African cities cannot be attempted, and it should be stressed that 
most African cities have much poorer sanitation than Dakar (which 
has an extensive existing sewerage system, and a high proportion 
of households with piped water and adequate onsite sanitation, 
even in lower-income districts). Nevertheless, it is possible to draw 
some general inferences, and in particular to identify lessons for 
future sewerage projects in low-income districts of African cities.
The PAQPUD districts: basic characteristics
All n  districts selected for the PAQPUD settled sewerage inter­
vention were relatively low-income districts located away from 
Dakar’s business centre, but socioeconomic and habitat character­
istics varied widely. Most are “village” districts, i.e. pre-urbaniza­
tion fishing villages now absorbed into the urban fabric, but 
retaining features including irregular street layout; however, some 
districts have more linear layout, including Yoff Biagui, most of 
Camberene, and Rufique. Housing density and vehicle access 
(relevant for septic tank emptying) vary widely, but most of the 
districts have areas of very narrow alleys and difficult access. We 
have no detailed data on income levels in the different districts, but 
Hann, Rufisque and Bargny (none finally served under the project) 
are probably the poorest, while Cambérène, Cité Ousman Fall 
and the cité (estate) parts of Yoff and of Mbao are probably the
wealthiest. In some parts of most areas, the water table is vei-y close 
to the surface, so that septic tanks (the predominant sanitation 
solution in Dakar) function poorly and require frequent emptying.
Methods
This report draws on a number of sources including interviews 
with a range of actors involved in project implementation, diverse 
types of project documentation, and householder surveys in 3 of 
the 5 districts in which the sewerage systems were operational by 
the time of data collection (late 2009). Interviewees included 
project staff in ONAS and AGETIP; higher-level decision-makers at 
the World Bank and PEPAM (Program d'eau potable et d ’assainisse­
m ent du M illénaire, a national institution overseeing Senegalese 
water and sanitation policy); staff of the local engineering consul­
tancies that had been involved in project planning, and in project 
management and quality suiweying (m aîtrise d ’ouvrage) during 
construction; and local project coordinators in each district (typi­
cally members of local community-based organizations, employed 
on short contracts by AGETIP for social marketing and coordination 
before and during construction, and in many cases still involved in 
ongoing system management on a voluntary basis).
Householder surveys
Householder surveys were carried out over the period Sep­
tember—November 2009 in three (Ngor, Ouakam and Mbao) 
of the five project districts with operational settled sewerage 
interventions as at late 2009 (Fig. 2). These districts were selected
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Table 1
Summarized status and coverage data for the 11 PAQPUD settled sewerage schemes.
System Network status as at April 2010 Original 
coverage target 
(households) 
[OCT]
Connections 
(ONAS ciaim)
Author estimate 
of in-plot 
connection rate^
Author estimate 
of external 
connection rate'’
Final estimate 
(pessimistic)'
Final estimate 
(optimistic)*'
l)Yofif OPERATIONAL: Most of the network 
operational since February 2008, 
but with significant problems
2170 1360 (No estimate) (No estimate) 898' [41% of OCT] 1183' [55%]
2) Cambérène^ NOT OPERATIONAL: Network 
not fully terminated, and pumping 
station not commenced
1750 1000 (571) 0 0
3) Ouakam^ OPERATIONAL: Network operationai 
November 2008
1400 1000 54%
(95C1 =  44-65%)
87%
(95C1 =  78-93%)
540 [39%]
(95C1 =  440-650)
870[62%]
(95C1 =  780-930)
4) Hann Bel Air^ NOT OPERATIONAL; Network 
not completed
1750 868 0 0
5)Thiaroye NOT OPERATIONAL, STALLED: 
Network completed, 
but local opposition to treatment 
plant preventing inauguration
910 817 0 0
6) Mbao OPERATIONAL: Network operationai 
since September 2009
700 668 66%
(95C1 =  56-76%)
96%
(95CI =  89-99%)
432 [62%]
(95CI =  374-667)
678[97%]
(950 =  595-661)
7) Bargny NOT OPERATIONAL: Network basically 
completed, but awaiting construction 
of pumping and treatment stations
630 443 (287) 0 0
8) Ngor^ OPERATIONAL: Operational 
since February 2007
630 443 77%
(95CI =  67-85%)
77%
(95CI =  67-85%)
341 [54%]
95C1 (297-377)
341 [53%]
(950 =  297-377)
9) Rufisque^ NOT OPERATIONAL: Network basically 
completed, but awaiting construction 
of pumping station
910 290 0 0
10) Cité 
Ousman Fall
OPERATIONAL: Operational since 
February 2007
210 174 (No estimate) (No estimate) 174 [83%] 174 [83%]
ll)CitéSONES
TOTAL
NOT OPERATIONAL, STALLED 140
11,200
109 (0)
7172(6478)
0
2355 [21%]
0
3246 [29%]
 ^ Estimated proportion of nominal beneficiaries who have both an in-plot and an external connection (Fig. 2), based on the 2009 householder survey data (see companion 
article in this issue); 95C1 =  95% confidence interval.
Estimated proportion of nominal beneficiaries who currently have only an external connection, based on 2009 householder survey data (REF).
Estimate based on in-plot connection rate (i.e. the number of households with a currently functional sewerage connection).
Estimate based on external connection rate (i.e. the number of households who have a currently functional connection, or at least a connection reaching their plot 
boundary to which they could connect in the future).
® Estimates obtained by using the grand-mean in-plot and external connection rates for Ngor, Ouakam and Mbao (66% and 87% respectively).
 ^ Systems designed to discharge to the existing conventional sewerage network (in the case of Rufisque, a separate network serving Rufisque); systems without asterisk 
were designed to discharge to small local part-treatment plants and then to the sea (or, more accurately, the beach).
non-randomly with the aim of maximizing representativity: Ngor 
is a “village” community with dense traditional layout close to 
central Dakar, and the system had been operational for over 2 
years; Ouakam is a mix of village and more recent urbanization 
types, again close to central Dakar, but with the sewerage system 
only operational for a few months at the time of study; Mbao is 
likewise a mix of traditional and more recent urbanization types, in 
the suburbs about 15 km from central Dakar, again with the 
sewerage system only operational for a few months.
The householder surveys specifically considered nominal 
beneficiaries, i.e. households listed by ONAS as project beneficia­
ries. [In Ouakam and Mbao, surveys were also obtained of non­
beneficiaries, but these results are not directly relevant to the 
present report, and w ill be discussed in a future publication on 
pro-poor targeting.] Required sample size was determined as that 
required to obtain a reliable estimate of the proportion of nominal 
beneficiaries who were in fact full beneficiaries, using the proce­
dure of Zar (1998, formulae 7.12 and 24.35) implemented in the 
programme WinPepi Version 10.0, with required confidence 
level 95%, acceptable difference 0.1 (i.e. required estimate preci­
sion ±20%), and assumed true proportion 0.2—0.7. Households 
were then selected randomly (random sequences from www. 
randomizer.org) from full lists of names and approximate 
addresses supplied by ONAS; each household was then searched 
for until found.
The survey used a single-sheet French-Ianguage questionnaire, 
drawing on questionnaires used in related previous evaluations 
(Nance, 2005; Vines & Reed, 1991/1992), but adapted to the specific 
context of the PAQPUD project. An initial draft was piloted by the 
corresponding author in February 2009. The questionnaire 
included basic sociodemographic questions (including reported 
monthly household income, and ownership of assets including TV, 
fridge and car); questions about water supply and associated costs; 
questions about sanitation status before the project; questions 
about exactly what was supplied by the project, and associated 
costs; questions about satisfaction with the installations, and about 
blockages and similar problems; questions about who the house­
holder judged to be responsible for system maintenance; and 
questions about how the householder had heard about the project. 
The questionnaire was administered verbally by two Wolof- 
speaking interviewers, both Dakar residents with degree-level 
education and experience of sanitation projects and social research. 
The interviewers were trained by the corresponding author at the 
start of the study period, and monitored at regular intervals 
throughout. Data were transcribed to Microsoft Excel, and coding 
(i.e. assignment of numerical values to categorical responses) and 
simple analyses (e.g. calculation of per-capita income given repor­
ted monthly household income and number of people in the 
household) were done in Excel. Statistical analyses were performed 
with SPSS version 16.0.The questionnaire and full details of
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sampling procedure are available from the corresponding author 
on request.
Results
Overall pro ject outcome
As at April 2010 only 5 of the 11 settled sewerage schemes are 
operational, serving an estimated 2355—3246 households (21—29% 
of the original target of 11,200, or 33-45% of the revised target of 
7200) (Table 1). This situation has not changed since September 
2009. Even in the operational districts (especially Yoff and Mbao), 
significant elements of the system remain non-operational, as 
detailed below. End-of-project reports from ONAS (ONAS, 2009a, 
2009b) claimed about 90% achievement of target; however, these 
are estimates of network completion, without taking into account 
either the number of households actually connected, or whether 
pumping stations and treatment facilities are up and running. In 
several districts the network has been basically completed but 
remains non-functional because the required pumping station has 
not been built. It remains unclear exactly why this has occurred, 
and why AGETIP (the contract management agency) has not as far 
as we are aware commenced procedures to recover delay penalties 
from any of the various companies involved, despite evidently 
serious non-compliance (see Discussion).
If we assume an average of 11.4 people per household, 
the 2355-3246 households served correspond to about 
23,000-37,000 people. [This is the average household size 
assumed by ONAS in project planning, supported by our own very 
similar estimate of 11.6 from householder surveys in Ngor, Ouakam 
and Mbao.]
Before proceeding to more detailed consideration of project 
outcomes, it is important to clarify the project procedure. For each 
scheme, an initial target number of households was defined at 
project appraisal; there was a subsequent phase of house-to-house 
visits to assess technical feasibility and householder willingness to 
participate, and in all cases the target coverage dropped at this 
stage (see Table 1), probably reflecting not only technical 
constraints but also budget exhaustion. Participant households 
paid a fee (typically 22,000 CFA francs [fCFA] =  US$44, in some 
districts reduced to just 7000 fCFA =  US$14 by an additional 
subsidy from the local council, la m a irie): in return, they received 
the required in-plot installations and connection to the network 
(i.e. to the street sewer). Most commonly, the household already 
had a septic tank; the project thus supplied an interceptor tank 
connected to the network. The external connection supplied (from 
interceptor tank to street sewer) becomes a fu l l  connection only if 
the householder makes the necessary in -p lo t connection from their 
septic tank to the interceptor tank (see Fig. 1).
In what follows we first summarize outcomes in all 11 districts; 
we then report detailed evaluations of three of the operational 
systems (Ngor, Ouakam and Mbao), based on householder survey in 
the districts.
Y o ff (opera tiona l)
This system (comprising two sub-systems, Yoff Village and Yoff 
Biagui) was designed to connect to the conventional sewer mains. It 
became operational in February 2008; of the initial target of 2170 
households, we estimate that about 55% received an external 
connection. Interviews with local community representatives 
suggested that a significant proportion of the population wanted to 
connect but couldn’t afford to, and that some parts of the network 
were suffering from chronic back-up problems (probably a result of 
poor pipe-laying). A specific problem arose in streets close to a holy
location (a marabout residence and cemetery): about 200 house­
holds could not be connected because members of the community 
did not want the sewer to pass in front of this site. In addition, the 
system is not currently connected to the sewer mains: as was 
known at the planning stage (Cabinet EDE, 2006), capacity upgrade 
of an existing pumping station was required to cope with the 
increased flow, but this was not done: as a result, the system 
currently discharges to the adjacent beach, which is heavily 
transited by the local population.
Cambérène (n o t operational)
Network construction commenced in March 2007, and is basi­
cally finished; the system is not operational because the pumping 
station required to connect to the conventional sewerage network 
has not been constructed. Various sources indicate that there was 
initially community opposition to construction of the pumping 
station because it was located alongside an area used by local 
youths to play football. This opposition was subsequently over­
come, but the contractor did not proceed with construction, indeed 
reportedly did not even present plans. As at February 2009, ONAS 
staff confirmed the non-compliance of the contractor, and indi­
cated that a new contractor was being sought; however, work has 
not yet started.
Ouakam (operationa l)
This scheme, projected to cover a district of about 1400 house­
holds, has one pumping station, currently operational, which 
discharges to Dakar’s existing sewerage network. Notwithstanding 
localized minor issues with the network, and issues with 
construction quality of small infrastructure (septic tanks, inter­
ceptor tanks, inspection chamber covers), this is certainly one of the 
most successful of the 11 schemes; unlike Yoff and Mbao, the 
system is discharging as planned, and there is no substantial 
construction work outstanding. Our householder surveys in this 
district indicate that about 54% of nominal beneficiaries 
(i.e. beneficiaries as listed by ONAS) were full beneficiaries, with 
both external connection to a functioning sewer, and full internal 
connection from toilet to external connection point (see Fig. 1); 
about 32% of nominal beneficiaries were potential beneficiaries 
only (i.e. only external connection); while about 13% of nominal 
beneficiaries had not in fact received any benefit. Beneficiary 
satisfaction and system maintainability are discussed below.
Hann Bel A ir  ( no t operational)
Hann Bel Air is one of the poorest districts of central Dakar 
(Minvielle, Diop, & Niang. 2005), with high population density and 
high water tables in some areas. The local network is largely 
completed; however, the system is not operational, notably 
because of non-termination of the pumping station required for 
connection to the sewer mains. Local community representatives 
reported that construction quality is poor, and many inspection 
chamber covers have been damaged by trucks. Some people have 
opened inspection chambers in an attempt to drain rainwater 
during the rainy season; this has led to back-ups into lower-lying 
households, and entry of large amounts of sand into the network.
Thiaroye-sur-M er (n o t operational)
The projected area for this scheme is a district with high pop­
ulation density, poor vehicle access, and high water table. The 
system was projected to include a pumping station and a new-built 
local treatment plant (a wastewater stabilization pond system
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comprising one anaerobic and one facultative pond). ONAS reports 
that the network was basically completed in early 2008, and that 
about 90% of the initial target of 910 households received an 
external connection. However, the system is not operational 
because work has not commenced on the pumping station and 
treatment plant. A plot of land for the treatment plant was donated 
by Nestlé, who have a factoi-y in the area, but construction could not 
commence because of opposition from a group of about 2 0  
households in the close vicinity of the planned treatment plant, 
none served by the project. Interviews with various stakeholders 
indicated that the project was dependent on donated land, because 
land purchase costs were not included in the initial budget.
Mbao (operationa l)
This scheme serves a mix of high-density districts (Grand Mbao 
and Petit Mbao) and lower-density planned settlements (Gokhba, 
Cité Ndeye Marie). Some areas, including most of Cité Ndeye Marie, 
have very high water table. Of the initial target of 700 households, 
95% made the required payment and received an external 
connection, though our survey data indicate that only about 62% 
have a full connection. It is not clear exactly what areas the project 
was initially projected to cover: certainly the projection of 700 is 
considerably less than the total number of households in the 
project area (at least 1100 households). The community in Cité 
Ndiaye Marie (a middle-income housing estate) had been lobbying 
ONAS for several years with the aim of obtaining connection to the 
sewerage system, and several interviewees indicated that this 
community rapidly absorbed a large part of project capacity. Our 
householder survey data certainly indicate that connected house­
holds are mostly in Cité Ndiaye Marie and Grand Mbao; the 
network extends to Petit Mbao, but very few households are con­
nected. In total, about 6 6 % of nominal beneficiaries (i.e. beneficia­
ries as listed by ONAS) were full beneficiaries, with both external 
connection to a functioning sewer, and full internal connection 
from toilet to external connection point (see Fig. 1); about 30% of 
nominal beneficiaries were potential beneficiaries only (i.e. only 
external connection); while about 4% of nominal beneficiaries had 
not in fact received any benefit. Beneficiary satisfaction and system 
maintainability are discussed below.
The initial plan included three new-built local treatment plants 
each comprising a settlement tank and upflow anaerobic filter, all 
three discharging directly to the beach, in one case with the aid of 
a pumping station. In fact only two of these plants have been built. 
Furthermore, one of the existing plants is not fully operational: at 
a visit in October 2009, neighbours reported that people living very 
close to the beach outflow had blocked the intake, leading to 
system back-ups upstream.
Bargny (n o t operational)
The project area is a traditional fishing village with often poor 
vehicle access, located about 25 km from central Dakar; this is 
certainly one of the poorest of the project’s 11 districts. The project 
plan included two pumping stations to lift the wastewater to a new- 
built local treatment plant (settlement tank and upflow anaerobic 
filter), with direct discharge to the beach. Of the initial target of 630 
households, about 48% paid the participation fee and received an 
external connection, and the network was basically completed by 
April 2009. However, neither the pumping stations nor the local 
treatment plant have been terminated, and thus the system 
remains non-operational. In fact local community representatives 
report that, since many households have already connected, the 
network is receiving sewage regardless, leading to back-up into the 
septic tanks of householders in lower-lying locations.
Ngor (operationa l)
Ngor is a traditional village community, now absorbed into the 
fabric of north-central Dakar. It is one of the poorer areas within the 
city of Dakar proper (Minvielle et al., 2005), though adjacent to 
some of Dakar’s wealthiest residential suburbs. The settled 
sewerage system here has been operational since july 2006; it was 
the earliest system to be built, and together with Cité Ousman Fall 
can be considered as a sort of pilot scheme. The system includes one 
pumping station lifting to the existing conventional sewerage 
network.
Our householder surveys in this district indicate that about 54% 
of the initial target of 630 households received an external 
connection; the full connections figure is the same, because — 
unlike in the other districts- the project provided in-plot connec­
tions (see Fig. 1 ). Part of the deficit with respect to the initial target 
is because detailed technical studies indicated that part of the 
project area was on the other side of a low ridge, and thus difficult 
to connect; this area is now due to benefit from a low-cost solids- 
transporting sewerage system funded by UN-Habitat; if we exclude 
these households from our reckoning, about 77% of the initial target 
coverage has been met. In other words, about 23% of nominal 
beneficiaries did not in fact receive any benefit. Beneficiary satis­
faction and system maintainability are discussed below.
Rufisque Est (n o t operational)
This project lies within an area of low-grade linear-layout 
modern housing to the east of Dakar proper; with Bargny and Hann 
Bel Air, this is one of the poorest of the 11 PAQPUD districts. In most 
of the area water table depth is less than 1 m. This system was 
initially projected to serve 910 households; the project included 
a pumping station linking to the local conventional sewerage 
network, which discharges to an existing treatment plant (waste­
water stabilization ponds with outfall to the beach) in Rufisque. 
ONAS figures indicate that 290 households (about 32% of the initial 
target) paid the participation fee and received an external 
connection. The network and associated within-plot work were 
basically completed in early 2007. However, the pumping station 
has not been terminated, so that the network is non-operational. 
InteiT/iews with various actors (including local community repre­
sentatives and project managers) indicate that this is attributable to 
blatant non-compliance by the contractor. Despite the non-opera­
tional pumping station, local community representatives estimate 
that around 60 or 70% of the households with external connection 
have made the in-plot connection and connected to the network, 
leading to overflow of sewage from junction chambers close the 
inhabited area. This is also likely to lead to back-up into households 
in the lowest-lying areas, as observed in Bargny.
Cité Ousman Fall (operationa l)
Cité Ousman Fall is a walled housing estate (cité) occupied by 
employees of a local petrol refinei-y. It is therefore a clearly special 
case, with relatively high-income levels and a much stronger sense 
of community cohesion than other residential districts: indeed, 
these favourable conditions were precisely why ONAS chose this as 
a pilot location. Of an initial target of 210 households, 174 (83%) paid 
the participation fee and received both external and in-plot 
connections (see Fig. 1): this total comprises almost all households 
within the estate, and 10—20 households on an adjacent street. The 
project included a new-built local treatment plant (settlement tank 
and upflow anaerobic filter) discharging to the beach about 250 m 
away via an existing pipe; the treatment plant is reported by some 
sources to be non-operational, and the beach outflow is currently
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broken so that the effluent discharges directly to the top of the 
beach. The system has been operating since February 2007. 
Householder interviews indicated that the system is working well, 
without substantial problems beyond occasional blockages, rapidly 
resolved by the householders or community-contracted plumbers, 
or sometimes by ONAS. The Chef du Quartier reported that the 
Neighbourhood Committee has invested significant amounts of 
money in improving the system, notably through construction of 
better inspection chamber covers.
Cité SONES ( not operational)
Cité SONES is an enclosed housing estate, comprising about 140 
households occupied by employees of the Société nationale des eaux 
du Sénégal (SONES). The system was initially projected to cover all 
140 households. According to ONAS, the network was completed, 
but the project was then placed on hold before any householders 
made any payments and before any within-plot work or connec­
tions were started. It appears that the potential beneficiaries 
blocked the project because they did not want a local beach 
outflow.
Beneficiary satisfaction and system maintainability
Independently of the overall project evaluation, and considering 
only the five operational systems: how satisfied were project 
beneficiaries, and are the systems maintainable in the longer term? 
The surveys of beneficiary householders in Ngor, Ouakam and 
Mbao included a simple yes—no question about satisfaction with  
the system, and questions about within-plot and street blockages. 
Note that here we are considering full beneficiary households only: 
how well is the system functioning for connected households? 
Results are summarized in Table 2.
Reported satisfaction rates were reasonably high among full 
beneficiaries, ranging from 82% in Mbao to 94% in Ngor. Note that 
the Ngor system had been operational for about 2.5 years at the 
moment of survey, versus only a few months in Ouakam and Ngor. 
In addition, as discussed below, Ngor can be considered a “show­
piece scheme” that has received more attention than subsequent 
schemes, particularly as regards maintenance. This is illustrated by 
the much higher proportion of beneficiary householders in Ngor 
who reported that they would “know who to call” in the event of 
a problem with the system: 49% in Ngor, versus only 5% and 8 % in 
Ouakam and Mbao (Table 3).
The proportion of full beneficiaries reporting in-plot blockages 
(i.e. at least one problem experienced) was 28% in Ngor, 18% in 
Ouakam and 16% in Mbao. The higher figure for Ngor probably 
reflects the fact that this system had been running for 2.5 years, 
versus only a few months in the other two districts. The proportion 
of full beneficiaries reporting blockages in the street was likewise 
higher in Ngor (17%, versus 9% in Ouakam and 10% in Mbao). Note
that at least some blockages reported as “in-plot” may have been 
blockages outside the plot leading to back-ups within the plot.
To what extent was dissatisfaction due to blockages? In Ngor, 3 
of 4  full beneficiaries reporting dissatisfaction reported in-plot 
blockages; but 15 of 5 9  full beneficiaries reporting satisfaction also 
reported in-plot blockages. Case-by-case analysis of interview 
responses suggests that the dissatisfied beneficiaries were in plots 
or streets with chronic problems of blockage and sewage back-up, 
whereas the satisfied beneficiaries reporting blockages were 
reporting one-off issues that had been rapidly resolved (see below).
In Ouakam and Mbao dissatisfaction was more clearly related to 
blockages: in Ouakam, all 7 dissatisfied full beneficiaries reported 
in-plot blockages, versus only 1 of 36 satisfied full beneficiaries; 
similarly in Mbao, 8  of the 11 dissatisfied full beneficiaries reported 
in-plot blockages, versus only 2 of 50 satisfied full beneficiaries. 
This is in line with the more recent start-up of these schemes: i.e. 
blockages occurring soon after construction are more likely to 
represent unresolved construction problems, rather than sporadic 
minor problems due to (for example) a sanitary towel entering in 
the system. Similar patterns are seen if we consider reported 
blockages in the street.
In all three districts a commonly reported reason for satisfaction 
was elimination of the need to empty the septic tank. As noted, in 
all three districts some areas have very high water tables, so that 
septic tanks do not drain well; this was one of the criteria for 
selection of areas for settled sewerage. In fact this benefit was 
irregularly distributed: in Ngor, only about 35% of beneficiary 
households reported spending money on septic tank emptying 
before the project, and thus only this 35% enjoyed this financial 
benefit of sewerage connection. In Ouakam and Mbao, about 80% of 
households reported spending money on septic tank emptying 
before the project, and both mean and median savings were higher 
(Table 2); but again, the magnitude of the saving varied greatly 
among households.
Discussion
General outcome evaluation
The present findings indicate that the settled sewerage 
component of PAQPUD has achieved poor overall outcome, largely 
attributable to deficiencies in contract adjudication and manage­
ment of contractor performance. A particular concern is that in all 
of the non-operational districts, the local network and in-plot 
infrastructure were built, i.e. paid for. A recent World Bank report 
including a detailed case study of PAQPUD (Guène et al., 2010) did 
not include any explicit recognition of the poor performance of the 
settled sewerage component, beyond a passing reference to “some 
delays in implementation”. This raises questions about the ex-post 
evaluation procedures of the World Bank, one of the major chan­
nels for pro-poor development funding by the wealthy nations (see
Beneficiary satisfaction, reports of system blockages, and tank-emptying savings among project beneficiaries in the operational districts of Ouakam, Ngor and Mbao. 1000 
fCFA -  1000 CFA francs =  2 US$; for example, the mean tank-emptying cost saving in Ngor is c. 26 US$ p.a.
Statistic OUAKAM NGOR MBAO
Proportion reporting satisfaction 
[percentage, (95% Cl, n)]
Proportion reporting in-plot blockages/problems 
[percentage, (95% Cl, n)j 
Proportion reporting street blockages/similar 
[percentage, (95% Cl, n)j 
Reported tank-emptying cost saving 
(1000 fCFA per annum per household) 
[median (mean ±  SEM, range, n)j
84% (69-93%, n =  43)
18% (9-33%, n =  49)
9% (3-23%, n =  43)
54(113 +  24,0-600, n =  34)
94% (84-98%, n =  63) 
28% (18-41%, n =  64) 
17% (9-29%, n =  64) 
0 (1 3 + 3 ,0 -9 0 , n =  55)
82% (70-90%, n =  61)
16% (8-28%, n =  63)
10% (4-21%, n =  61)
38 (77 +  16, 0-480, n =  40)
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Table 3
Beneficiary perceptions of maintenance responsibilities, and awareness of “who to call". Data from surveys of nominal beneficiaries, considering all responses (full benefi­
ciaries, partial beneficiaries, non-beneficiaries).
Statistic OUAKAM NGOR MBAO
Proportion considering themselves  ^responsible 
for IN-PLOT maintenance [percentage, (95% Cl, n)j 
Proportion considering themselves  ^responsible 
for OUT-PLOT maintenance [percentage, (95% Cl, n)] 
Proportion who “know who to call” in the event 
of a problem [percentage, (95% Cl, n)j
83% (73-90%, n =  77) 
5% (2-14%. n =  75) 
8% (3-17%)
89% (78-95%, n =  64) 
9% (3-20%, n = 57) 
59% (46-71%, n =  66)
79% (68-87%, n =  77) 
0% (0-5%, n =  86)
9% (4-17%, n =  90)
 ^ As opposed to authorities or, occasionally, “the community”.
World Bank, 2010). Certainly, under-rigorous evaluation often 
reflects understandable motives, including a desire to give insti­
tutional actors a chance to resolve problems over time, and reluc­
tance to criticize institutions that otherwise appear to be 
functioning relatively well. In our opinion, however, these are not 
strong arguments against rigorous evaluation of major develop­
ment projects; rather, they are arguments in favour of sensitive but 
independent ex-post evaluation.
The recent World Bank report (Guène et al., 2010) appears to be 
based directly on ONAS/AGETIP data, rather than on independent 
data collection. The report states that 8800 households are served 
by the different settled sewerage schemes, versus our estimate of 
2400—3200. Thus the report of Guene et al. overstates coverage by 
a factor of about 3 or 4. However, we should stress that this report 
focused primarily on PACJPUD's onsite sanitation components, with 
only brief consideration of settled sewerage; we should also stress 
that the study was carried out in late 2008. Also, it should be noted 
that in February 2010 the World Bank approved an additional loan 
of US$6 .8  million (Component D of Project P109986) to complete 
the sewerage works started under PAQPUD. This component aims 
to provide 22 km of network, 7900 household connections, and 
a wastewater treatment plant (with land acquisition) in Thiaroye. 
The work is to be implemented by ONAS: at present we have no 
information on who will adjudicate contracts and manage 
contractors and quality control. The Project Appraisal document 
specifies improved procedures for monitoring and evaluation. Thus 
it would appear that the World Bank, PEPAM and ONAS are learning 
from mistakes committed in PAQPUD, and that the World Bank is 
prepared to commit more funds in an attempt to resolve this 
project’s deficiencies.
It should also be noted that, although coverage was lower than 
claimed by the implementing agencies, it was considerably higher 
than in many previous sewerage interventions in African cities: 
within the sewered areas, between about 30% (Ouakam and Mbao) 
and 55% of the total population were actually connected, and in 
Ouakam and Mbao about another 15% can connect if they make the 
within-plot connection from their septic tank. These are much 
better figures than have been achieved in most previous African 
sewerage projects (corresponding author’s unpublished review of 
ex-post evaluations).
Contractor non-com pliance... why?
The most striking problem with the PAQPUD settled sewerage 
project has been the stark non-compliance of construction 
companies with contractual obligations. Most notably, problems 
have arisen with pumping stations: 4 of the 6  non-operational 
schemes are non-operational basically because of non-construction 
of pumping stations, and one of the operational systems (Yoff) is 
discharging sewage directly to the local beach because the required 
upgrade of a pumping station has not been completed.
The authors are unable to give definitive explanations for 
this problem. However, certain observations are pertinent. First,
pumping stations are certainly within the technological capacity of 
Dakar’s engineering sector: logistic and technical difficulties might 
explain delays, but cannot explain the radical non-compliance seen 
in the PAQPUD project. Second, it is noteworthy that these prob­
lems arose with pumping stations, not small within-plot infra­
structure (septic tanks etc.) and local networks; indeed in some 
cases the civil engineering work for pumping stations has been 
completed (e.g. Rufisque), but the pumps themselves have either 
not been supplied or have not been fitted. One possible explanation 
is that contractors could readily undercut quality in construction 
work, but could only reduce the costs of the pumping station 
component by non-completion. Certainly the non-compliance with 
contractual obligations suggests that institutional procedures for 
contract adjudication, contractor management and quality control 
were ineffective. In this connection, several high-level interviewees 
noted that it is very difficult to terminate a public-works contract 
and then tender for a new one, and that often a gentle persuasive 
approach may be more effective than radical measures; they also 
noted that it is practically unheard of for disputes over public- 
works contracts to reach the courts in Senegal. Nonetheless, the fact 
remains that if contractors don’t work to contract, then the adju­
dication and contractor management procedures have failed. This 
failure is all the more striking given AGETIP’s reputation for effi­
cient contract management (see e.g. van der Lugt & Petrucci, 1997).
Problems with contract management have been reported in 
other studies of infrastructure projects in West Africa. For example, 
Frimpong, Oluwoye, and Crawford (2003) looked at a number of 
groundwater development projects in Ghana, and found that poor 
contract management was ranked as the most important problem 
by project funders. The authors suggest that these problems can be 
attributed to adjudication procedures: projects are generally 
awarded to the lowest bidder, often a non-specialist entrepreneur 
with little ability to deliver complex contracts. Interviewees in 
Dakar (including several project management engineers) reported 
a similar situation.
Construction qua lity
In line with the poor contractor compliance in terms of major 
infrastructure completion, site visits and inteiviews with local 
community representatives and project management engineers 
repeatedly indicated problems with construction quality: most 
notably, inspection chamber covers were often very poorly con­
structed, without any sort of protective frame or recess (see Fig. 3). 
Complaints were also expressed about other components, 
including piping and septic tanks.
Poorly built inspection covers are likely to have major impacts 
on long-term system function, by favouring ingress of sand into the 
system: fine sand is an abundant feature of Dakar’s streets. In the 
small and relatively wealthy community of Cité Ousman Fall, many 
poor-quality covers have been replaced with better-quality covers 
by the local community and by ONAS; however, this does not seem 
to have happened anywhere else. Several interviewees argued for
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Fig. 3. Inspection chamber covers, showing a) grossly deficient construction quality; b) lack of recessing favouring sand ingress; c) poor quality and vehicle damage; d) high-quality 
construction on a main sewer line; e) an improved cover in Cité Ousman Fall; and f) a cast cover.
prefabricated covers (plastic or cast iron; see Fig. 3, Photo f); these 
were used in some districts, but were not used consistently 
throughout the project. Certainly prefabricated covers have 
a higher initial cost; but given the widespread quality problems 
observed, this solution would perhaps be preferable. Theft of pre­
fabricated covers was not reported by intei'viewees.
Notwithstanding the frequent deficiencies in construction 
quality, the great majority of full beneficiaries reported that they 
were satisfied with the system, as detailed in the next section.
System m a in ta inab ility
The householder suii/eys in Ngor, Ouakam and Mbao indicate 
that minor blockages occurred fairly frequently, but were typically 
resolved by householders themselves, or by plumbers called in by 
the householder. Of course it is possible that system performance 
will decline in the longer term, especially because of sand ingress 
into the network and accumulation of solids in septic tanks (as is 
likely to occur in the absence of proper maintenance). However, it is 
interesting that very few householders in Ngor (where the system 
has been operational for 2.5 years) reported that they had had to 
empty their septic tanks over this period: this suggests that solids 
accumulation was occurring vei’y slowly in these sewered tanks, 
and if this is the case it is certainly an argument in favour of settled 
sewerage, since it means that desludging will be rarely required.
Notwithstanding the reasonable function of the Ngor, Ouakam 
and Mbao systems at present, a key concern with sanitation 
projects is maintainability: are mechanisms in place to ensure 
adequate operation and maintenance (O&M) over the lifespan of 
the investment? Here it is important to distinguish between three 
different maintenance levels; i) within-plot installations; ii) the 
local small-bore network in each district; and iii) the main network 
and associated structures including pumping stations and treat­
ment plants. The great majority of stakeholders (including most 
project beneficiaries) agree that O&M of within-plot installations is 
the responsibility of the householder; likewise, all stakeholders
agree that responsibility for the main network and major infra­
structure lies with ONAS; the unresolved issue is O&M of the local 
network. Numerous interviewees described future O&M systems 
involving collaboration between ONAS, district councils (m airies) 
and local community representatives through specially constituted 
management committees (comités de gestion), which will be 
empowered to collect monthly tariffs of 500-1500 fCFA (CFA 
francs); this model has been widely discussed at all levels. Indeed in 
most districts, these committees have already been formally set up, 
generally with the mayor as Chairman and with members drawn 
from ONAS, the district council, local community organizations, and 
the local community including women’s representatives; in all such 
cases (except Ngor), however, the committee has not met since its 
formal constitution, and is not yet active. It should also be stressed 
that the constitutional documents of these committees do not 
define the partitioning of financial responsibility between ONAS 
and the district council. According to ONAS project managers 
interviewed in November 2009, meetings were underway with 
stakeholders, including mayors, to further negotiate responsibili­
ties; the O&M structure in each district w ill include a contract with 
a local cooperative (groupem ent d 'in té rê t économique, GIE) for 
network maintenance and sludge management, and employment 
of a local coordinator whose tasks will include collection of the 
monthly tariff from householders. Nevertheless, it remains unclear 
a) what financial input, if any, will be required from the district 
council and from ONAS; b) who will sign the contract with the O&M 
cooperative and with the local coordinator, and who will receive 
and hold the income from tariff collection (the local management 
committee? the district council? ONAS?); and c) whether tariff 
collection can function smoothly without strong measures for 
enforcement. It seems likely that the key problem at present is that 
neither ONAS nor district councils want to commit financial input 
or sign contracts with third parties: ONAS wants the councils to 
take on these responsibilities, and vice versa. Given the apparent 
absence of any clear legal framework or prior agreement, this is 
a worrying situation which threatens to drag on without resolution.
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The authors (like interviewees from the World Bank and PEPAM) 
consider that responsibility lies in the final analysis with ONAS. 
A straightforward solution would be for ONAS to take immediate 
responsibility for contracting a local coordinator in each district. 
PAQPUD allocated ONAS a significant sum of money (about 
US$60,000) for start-up of O&M systems; and indeed, if it does 
prove possible to reliably collect the sewerage tariff from connected 
households, the system should generally be self-financingl In any 
case, immediate assumption of responsibility by ONAS would 
resolve the short-term O&M problem, and provide time for nego­
tiation of longer-term solutions.
In Ngor the situation is somewhat different, chiefly because the 
local coordinator for the settled sewerage project remains 
employed under a related new small-scale sewerage project funded 
by UN-Habitat. Unlike in the other operational districts, house­
holders thus have “someone to call” if they have a problem. 
Nevertheless, even in Ngor there is not yet any collection of the 
proposed monthly tariff.
In fact the details of O&M are perhaps secondary (diverse types 
of O&M system could work): the evident problem is that there was 
no negotiation of the system beforehand. If the implementing 
agencies had required local councils to sign O&M agreements 
before construction, as a prerequisite for provision of the service, 
the current impasse might not have arisen. As stated above, in the 
authors' opinion a sensible way forward would be for ONAS to 
employ a local coordinator in each district: such a person -  
someone whom householders can call and who can keep updated 
records for ONAS- helps to ensure that problems arising are 
resolved one way or another. Our view is that it makes more sense 
to employ a local coordinator (someone with a computer and 
a mobile phone) than a plumber.
Finally, the lack of negotiated frameworks for O&M systems is 
particularly worrying given the numerous issues with construction 
quality. Notably, badly constructed inspection chamber covers are 
likely to favour massive ingress of sand. Certainly, if there is no 
negotiation of financially sustainable arrangements for O&M, we 
must expect these settled sewerage systems to be very poorly 
functional in 5 or 10 years’ time.
Environm ental and pub lic  health impacts
Environmental sustainability in terms of water use was not 
a central focus of the present study. However, practically all con­
nected households already had pour-flush toilets discharging to 
septic tanks. Thus the project is not likely to have any significant 
direct impact on water use. [Indeed, even if new pour-flush toilets 
were introduced, these would be probably increase water use by 
only 2 -3  L per capita per day (Tilley, Lüthi, Morel, Zurbrügg, & 
Schertenleib, 2008), which is a modest increase given Dakar’s 
average domestic usage of 48 L per capita per day (Hoang-Gia et al., 
2004). In other words, the authors consider that increased water 
use, a commonly raised objection against sewerage, is no t an 
important objection in the present context.]
A more important concern is whether the settled sewerage 
systems will have a positive or negative effect on disease burdens.
' There is an additional complication here. Everybody in Dakar with in-plot piped 
water is charged a sanitation tariff as a small percentage of their water bill, since 
Dakar is classified as a sewered city: though of course many households are not 
sewered. Households (generally wealthy or middle-income households) that are 
connected to the sewerage system are not charged any additional amount over and 
above the sanitation tariff; but ONAS takes responsibility for O&M of the conven­
tional sewerage network. So why should the (generally poorer) households con­
nected to the new settled sewerage networks be charged for O&M? There is clearly 
a need for review of Dakar's sanitation charging system.
In a recent meta-analysis (Norman, Pedley. & Takkouche, 2010), we 
found that sewerage interventions have generally reduced diar­
rhoea burden; however, the impact of any given intervention will 
clearly depend on how well it is functioning. In the case of those 
schemes (Ngor and Ouakam) draining to Dakar’s central sewerage 
system, the net environmental and public health impact is likely to 
be positive: wastewater that would otherwise leach from septic 
tanks to the local environment is transferred to Dakar’s central 
treatment plant at Cambérène, which discharges to the sea via 
a long outfall. In the case of those schemes (Mbao and Cité Ousman 
Fall) draining to local treatment plants, the answer is less clear: 
these plants are likely to be inefficient for removing pathogen load, 
and outfall is currently directly to the beach. Likewise, as already 
noted above, the Yoff system is currently discharging to a heavily- 
transited area of the beach. It is certainly possible that such beach 
discharge constitutes a more severe health risk than leaching from 
septic tanks. The situation in Rufisque and Bargny is also a clear 
cause for concern. Here local networks have been constructed, but 
are not drained: many householders (who paid a fee for this sei'vice 
not received) have connected their septic tanks to the network 
regardless, so that sewage overflows from low-lying inspection 
chambers within the populated area. We would here conclude that 
settled sewerage has been justified (in terms of public health) 
where connection to the existing conventional sewer mains has 
been possible (Ngor, Ouakam); attempts at local treatment have 
either not materialized or raise very significant public health 
concerns.
Lessons fo r  other sewerage projects in  A frican cities
Does the poor outcome of the PAQPUD settled sewerage project 
indicate that settled sewerage (or other low-cost sewerage solu­
tions) is inappropriate for African cities? This is a difficult question: 
the poor management of this particular project is surely not an 
argument against the appropriateness of low-cost sewerage solu­
tions in general; but on the other hand, it can be argued that 
sewerage projects are likely to run into similar problems in future, 
because they almost inevitably involve major subsidy and large 
construction contracts.
We believe that both arguments are pertinent. Unfortunately, 
there is no space here for detailed analysis of the appropriateness 
and cost-effectiveness of sewerage in different African contexts: 
this will be considered in future publications. What we can offer 
here are some key lessons to be drawn from PAQPUD. Specifically, 
we suggest that future sewerage projects in African cities should 
pay careful attention to the following.
Contract ad judication and management
In the PAQPUD project, the World Bank appears to have 
surrendered responsibility for contract adjudication and contractor 
management to AGETIP, with largely unsatisfactory results. Inter­
views with World Bank representatives indicated that this hands- 
off approach is normal for countries like Senegal that are judged to 
have sufficient institutional capacity for effective local manage­
ment. By contrast, other major donors in Senegal -  including the 
European Union- retain much more direct responsibility for 
contract adjudication and management. Intermediate possibilities 
could also be considered: for example, locally administered 
contract adjudication and quality control, but with a greater degree 
of donor oversight at all stages. And in the World Bank’s favour, it 
should be noted that ongoing extensions to PAQPUD specify more 
rigorous procedures for in-project monitoring and evaluation 
(Project P109986) or indeed adopt an “output-based aid” approach 
in which disbursements are directly linked to performance (Project 
P102478).
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Land costs and related issues
There is evidence that the project agencies (World Bank, 
PEPAM, ONAS, AGETIP) did not pay sufficient attention to land 
availability and access issues at the project planning stage. In both 
Thiaroye and Cambérène, difficulties arose because of local 
opposition to construction of a treatment plant and a pumping 
station respectively; in Yoff and Ouakam, difficulties arose because 
of opposition to pipe-laying across private or community land. 
There are no easy solutions to problems of this type: NIMBY (“not 
in my backyard") opposition is of course a major challenge to 
infrastructure projects worldwide. Nevertheless, land availability 
and access issues clearly need to be taken into account in future 
projects of this type.
Operation and maintenance
How O&M is going to be financed needs to be clarified and 
negotiated before construction starts. In the PAQPUD project, ONAS 
has failed to clarify these questions, as detailed in our companion 
article in this issue. Now we have a situation in which neither 
ONAS, nor local councils nor community organizations are 
prepared to take lead responsibility for maintenance of the 
sewerage networks: if this had been clearly negotiated beforehand, 
the current impasse might have been avoided. Without clarification 
of O&M responsibilities, the sustainability of these investments is 
questionable.
Wastewater disposal
Three of the five operational PAQPUD systems are currently 
discharging wastewater with undoubtedly high pathogen load to 
beaches that are heavily used by local people (for uses including 
fishing, football, and manual greywater tipping). This exposure very 
possibly constitutes a more severe health risk than the septic tanks 
that the sewerage system is replacing, and certainly calls into 
question the overall utility of the PAQPUD settled sewerage 
interventions.
Finally, we would stress that the PAQPUD project has had many 
very positive aspects. Notably, and unlike the great majority of 
African sewerage projects, PAQPUD has deliberately targeted rela­
tively low-income areas, and has successfully co-opted the help of 
local community organizations for social marketing. As we will 
discuss in a future publication, we have some reservations about 
how effectively this has been done. But PAQPUD’s deliberate tar­
geting of relatively low-income areas is a key strength of this 
project, and we would urge planners of current and future 
sewerage projects in African cities to follow PAQPUD’s example in 
aiming for coverage of low-income communities.
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Exploring the negative space: evaiuating reasons for the 
faiiure of pro-poor targeting in urban sanitation projects
Guy Norman and Steve Pedley
ABSTRACT
In many types of development project, direct provision of benefit to 'the poor' is a central goal. But 
how effectively is pro-poomess achieved? We report an independent ex-post evaluation of the pro­
poorness of the World Bank-financed Programme d'assainissement des quartiers périurbains de 
Dakar (PAQPUD) sewerage project in Dakar, Senegal; we also review ex-post evaluations of previous 
donor-funded sewerage projects in African cities. We conclude that Dakar was a questionable 
location for major donor funding, given that this city's sanitation status is already much better than 
that of most African cities. If we accept the location, the Dakar PAQPUD project was more genuinely 
pro-poor in intention than most similar previous projects; however, many difficulties arose at 
implementation, and within the intervention areas, many of the poorest households did not benefit. 
In view of these results and our review findings, we argue that planners need to pay greater attention 
to household-level targeting: i.e. to ensuring that the poorest households will actually connect to the 
system. There is also a clear need for independent assessment of pro-poomess at ex-post 
evaluation. It Is important to evaluate outcome through consultation not only with beneficiaries, but 
also with non-beneficiaries within the project's universe of intervention, and to investigate why non­
beneficiaries have not benefited.
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INTRODUCTION
Many types of development intervention aim to preferen­
tially benefit poorer members of the community receiving 
the intervention, whether through direct targeting of subsidy 
at poorer communities, households or individuals, or some 
sort of indirect strategy designed to benefit the poor. There 
is an extensive literature on pro-poor targeting. Coady 
et al. (2004) report a major review of 122 targeted antipov­
erty interventions in 48 countries, finding that the median 
intervention transferred 25% more to poor individuals 
(those in the bottom two quintiles) than would universal 
allocation, though a quarter of the interventions were regres­
sive. Targeting was better in richer countries, in countries 
where governments are more likely to be held accountable 
and in countries where inequality is higher. Interventions 
that used means testing, geographic targeting and self­
selection based on a work requirement were all associated 
with an increased share of benefits going to poor people. 
P ro^ means testing, community-based selection and demo­
graphic targeting to children showed good results on 
average but with wide variation. Self-selection based on con­
sumption, demographic targeting to the elderly and 
community bidding showed limited potential for good tar­
geting. Ravallion (2009) offers a very useful review of 
statistical measures of pro-poor targeting; he also argues 
that targeting, as assessed by standard statistical measures, 
is of limited value for reducing economic poverty. Note 
though that Ravallion focuses on the impacts of pro-poor 
targeting on economic poverty; however, in many contexts 
(including the present context) economic poverty reduction 
is not the fundamental aim. Rather, the aim of a pro-poor
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water and sanitation investment is to achieve improved 
health status and quality of life among the poor, not primar­
ily to reduce economic poverty. Where the aim is simply to 
target investment directly at the poorest households, we can 
expect conventional measures of targeting to be more useful.
Pro-poor impact is a fundamental aim of the major inter­
national financial institutions including the International 
Development Association, the African Development 
Bank and the European Investment Bank, and pro-poomess 
is invariably cited as an explicit or implicit goal in the 
project appraisals for major water and sanitation projects. 
But how effectively is pro-poomess achieved? This article 
sets out to explore this question in the particular context of 
large-scale donor-funded sewerage projects in sub-Saharan 
Africa. We report an independent ex-post evaluation of the 
relevance and pro-poomess of the World Bank-financed 
PAQPUD sewerage project in Dakar, Senegal; we also briefly 
review ex-post evaluations of previous large-scale donor- 
funded sewerage projects in African cities.
THE PAQPUD PROJECT
The PAQPUD project {Programme d’amélioration de l ’as­
sainissement des quartiers périurbains de Dakar) was a 
major urban sanitation intervention that ran over the 
period 2001-2009. The characteristics and outcome of this 
project have been described in detail elsewhere (Norman 
2009a; Guène et al. 2010; Norman et al. 2on). Briefly, 
PAQPUD was funded by the Word Bank, designed and 
overseen by the Senegalese sanitation authority ONAS 
{Office National d’Assainissement du Sénégal), and 
implemented by the semi-govemmental public-works con­
tracting agency AGETIP {Agence d’Exécution des Travaux 
d’intérêt Public contre le sous-emploi). The project specifi­
cally focused on lower-income urban residential districts of 
Dakar proper, together with lower-income urban and 
semi-urban residential districts forming part of Greater 
Dakar {départements of Guédiawaye, Pikine and Rufisque). 
Project targets included 60,000 onsite sanitation facilities 
(mostly septic tanks) serving 270,000 people, public and 
school latrines serving 30,000 people, and settled sewerage 
systems serving 127,000 people in 11 low-income districts. 
The total project budget was about US$ 43 million.
Basic project characteristics
About two-thirds of the project budget was allocated to 
onsite sanitation improvements in 33 districts {communes) 
throughout Greater Dakar; practically all communes in 
Greater Dakar except those of central Dakar. Householders 
were offered a wide range of sanitation improvements, 
including outdoor sinks-plus-soakaway, flush toilet and 
shower units, small twin-pit septic tanks and large septic 
tanks. About 75% of the constmction cost was subsidised 
by the project; the cost-to-householder of the most fre­
quently chosen sanitation option (twin-pit pour-flush 
latrine plus shower) was about US$185 (Guène et al. 2010).
The remaining third of the project was allocated to the 
settled sewerage component. Unlike most cities in sub- 
Saharan Africa, Dakar already has an extensive and func­
tional existing sewerage system serving about 625,000 
people in the business centre and extensive residential 
areas (mostly wealthy and middle-income areas) of Dakar 
proper (Hoang-Gia et al. 2004). The systems installed 
under the PAQPUD project are settled sewerage systems 
{assainissement semicollectif): settled sewerage (i.e. solids- 
free sewerage) basically involves the sewering of septic 
tanks, such that solids settle and remain on-site, and only 
the liquid fraction is piped away (for schematic diagram, 
see Norman et al. 2on). This system is well adapted to 
Dakar, where most households, even in low-income areas, 
already have a pour-flush toilet dischai^ng to a septic 
tank. Over 95% of the construction cost was subsidized by 
the project, with householders paying only 7,000-22,000 
fCFA (about US$14-44) for connection and often for con­
struction of a new septic tank. The 11 settled sewerage 
schemes were located throughout Greater Dakar (see map 
in Norman et al. 2on), with targeted coverage for each 
scheme ranging from about 100 to about 1,400 households. 
The initial total targeted coverage of 11,200 households was 
reduced to about 7,200 households during the detailed plan­
ning stage. The four schemes in Dakar proper are designed 
to connect to the existing central sewerage network (with 
treatment at Cambérène); one scheme is designed to dis- 
chat^e to the existing stabilization pond in Rufisque; the 
remaining five schemes include new-built local treatment 
plants (either anaerobic filters or, in one case, stabilization 
ponds). In all cases final dischai^ e is to the sea. As at
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April 2010 only of the 11 settled sewerage schemes were 
operational, serving an estimated 2,355-3,246 households 
(33-45% of the revised target of 7,200) (see Norman et al. 
2on).
It should be noted that the onsite interventions were dif­
fuse interventions over large areas (whole communes), 
whereas the settled sewerage interventions were much 
more focused interventions nominally targeting the whole 
population within relatively small areas.
Pro-poomess strategy
Project planning documents explicitly stated that the project 
would be targeted at the poor, but did not explicitly define 
‘poori in any quantitative or indeed qualitative way. Project 
staff within ONAS and AGETIP, and higher-level stake­
holders in the World Bank and PEPAM {Programme d’eau 
potable et d’assainissement du Millénaire, the Senegalese 
water and sanitation strategy coordination group), repeat­
edly expressed the view that targeting of poor districts (i.e. 
geographical targeting) was sufficient, and that within-dis- 
trict targeting of poorer households would not have been 
cost-effective. Diverse institutional stakeholders also 
expressed the view that the low connection fee (22,000  
fCFA« US$44) was within the ability to pay of practically 
all householders (though, as discussed below, our results 
indicate that this was probably not the case). Guène et al. 
(2010) state that several targeting methods were evaluated 
at the design stage, and it was deemed that geographical tar­
geting would be most cost effective given the costs of 
alternative methods; this was confirmed by our own inter­
views with project management staff and higher-level 
decision-makers. This meant that the subsidy was available 
to everyone within the project area, as long as they were 
willing and able to pay their up-front contributions. Guène 
et al. (2010) state that inclusion error with such methods is 
minimized when the selected areas are poor in a homo­
geneous manner, such as ‘urban slums with no sewer 
connections (as in Senegal)’.
Notwithstanding this stated policy of geographical tar­
geting only, project staff involved in social marketing and 
community liaison -  both within AGETIP and within the 
local community-based organizations -  indicated that delib­
erate efforts were made to target poorer households within
each district. It seems likely that there was marked variation 
among districts in this regard, depending on the personal 
commitment of the local commimity liaison staff to pro­
poor provision. In Sam Notaire, for example, we saw indi­
vidual cases in which local staff had clearly made a 
special effort to ensure service provision to very poor house­
holds. In Rufisque, the local community liaison worker 
{coordinateur social) reported that he had tried to negotiate 
a microcredit scheme with the local council {la mairie) and 
the local branch of the Senegalese microcredit agency 
PAMECAS, in order to obtain credit for maybe 100 poorer 
households; a grant payment was obtained for about 10 
households, but no grant or microcredit was obtained for 
the remainder. In other districts -  for example Mbao -  inter­
views with local staff and representatives of the local council 
suggested that there had been little or no serious effort to 
target poorer households, as is supported by our survey 
results presented in Box 1.
METHODS 
Survey design
The results reported here are largely derived from house­
holder surveys carried out over the period September- 
November 2009 in three of the five PAQPUD districts with 
operational settled sewerage interventions (Ngor, Ouakam 
and Mbao), and three of the 33 PAQPUD districts that 
received onsite sanitation interventions (Grand Yoff, 
Guinaw Rails Nord, Sam Notaire). Details of questionnaire 
design and of sampling and survey procedure have been 
reported previously (Norman et al. 2on). Briefly, the six dis­
tricts were selected for representativity, not randomly; 
within each district, two samples were obtained, of nominal 
project beneficiary households and of non-beneficiary house­
holds; households within each district were selected 
randomly. Interviews were carried out in W olof or French, 
by trained local interviewers. The questioimaire included 
basic sociodemographic questions (including reported 
monthly household income, and ownership of assets includ­
ing TV, fridge and car); questions about water supply and 
associated costs; questions about sanitation status before 
the project; questions about exactly what was supplied by
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BOX 11 Definition of terms
ability  to pay -  A measure (often simply a yes/no assessment) of an individual’s or household’s objective ability to pay 
for a given product or service.
exclusion error -  A measure of targeting deficiency: here, the proportion of poor households who did not benefit from 
the intervention. The central focus of the present study.
geographical targeting -  Pro-poor targeting achieved by carrying out interventions in poor districts/communities; cf 
within-district targeting, household targeting.
household targeting -  In the present context, a synonym of within-district targeting.
inclusion error -  A measure of targeting deficiency: here, the proportion of non-poor households who benefited from 
the intervention.
poor -  There is of course no single definition of ‘poor’. Definitions used in the present study include ‘household per- 
capita income in the bottom quintile (i.e. bottom 20%) for that district’; see Methods, ‘Poverty evaluation and cut-offs’, 
self-selection -  Describes a system for distribution of benefit under which potential beneficiaries select themselves. For 
example, a pro-poor sanitation project could offer 100% subsidy of a sanitation solution (e.g. improved pot latrine) on 
the understanding that only the poorest members of the community w ill be interested in this solution, 
stepped subsidy -  Here used in reference to a system of subsidy reflecting householder income: for example, very poor 
households receive 100% subsidy; middle-income households receive 25% subsidy and credit facilities for the remaining 
75%; wealthy households receive no subsidy.
targeting -  Procedures to ensure that the benefits of a given investment are enjoyed by the target group, here poor house­
holds.** This can include direct measures to ensure that subsidies to households are taken up by the poorest households, 
and/or indirect measures to ensure that the poorest households benefit (for example, ensuring that project design is 
such that poorest households w ill be able and willing to participate), 
type 1 error -  In the present context, inclusion error, 
type 2 error -  In the present context, exclusion error.
willingness to pay -  A  measure (often simply a yes/no assessment) of an individual’s or household’s willingness to pay 
for a given product or service.
w ith in -d is tric t targeting -  Pro-poor targeting achieved by targeting at the poorest households within the intervention 
district/community; cf geographical targeting.
‘^ Throughout this box, definitions refer to pro-poor targeting. But note that this is a shorthand: the relevant target
groups considered in the present study include poor districts and poor households defined in different ways; but also dis­
tricts/households with high sanitation need (notably districts with frequent flooding, and households without a toilet) 
and tenant households. These indicators of need (poorness, no toilet, tenancy) are often but not always coincident.
the project and associated costs; questions for beneficiaries 
about satisfaction with the installations, and about blockages 
and similar problems; questions for non-beneficiaries about 
why they had not benefited; questions about who the house­
holder judged to be responsible for system maintenance; and 
questions about how the householder had heard about the 
project (if at all). The full questionnaire is available from 
the corresponding author on request.
Poverty evaluation and cut-offs
For the purposes of this study, poverty was defined as income 
poverty: this was measured as reported per-capita monthly 
income, calculated as monthly household income as reported 
by the respondent, divided by number of people in the house­
hold (including children), again as reported by the 
respondent. Financial income is of course only a partial
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measure of poverty in the broader sense (which may be con­
sidered to include asset poverty and sociocultural poverty, 
e.g. lack of education); however, in the present context 
income poverty can be considered centrally important, as 
we are interested in whether low disposable income was a 
factor impeding access to a sanitation programme that 
required monetary contribution from the householder.
Given our data on reported monthly per-capita income for 
each household, we then applied three sets of poverty cut-off, 
to answer specific questions. First, to assess the effectiveness 
of pro-poor targeting on the macro-scale (i.e. were the project 
districts poor?), we used: (a) the Senegalese national income 
poverty thresholds (<10,738 fCFA/capita/month = ‘extreme 
poverty*; 10,738-20,714 fCFA/capita/month = ‘moderate 
poverty*; Fall 2008); and (b) income poverty thresholds 
for Dakar (<14,712 fCFA/capita/month =  bottom quintile; 
14,712-25,477 fCFA/capita/month = middle three quintiles; 
> 25,477 fCFA/capita/month =  top quintile; ESPS 2005/ 
2006; note that the ESPS data are in fact monthly expenditure 
estimates, not monthly income estimates, but these can be con­
sidered closely equivalent). Second, to assess the effectiveness 
of targeting at the community level (i.e. within each project dis­
trict, were poorer households served?), we used (c) income 
thresholds derived fixjm our own income data for each district 
(bottom quintile, middle three quintiles, top quintile within 
each district). (fCFA = CFA fiiancs; 1,000 fCFA » 2 US$.)
Targeting measures
Within a given population and using a given set of poverty cut­
offs, the effectiveness of pro-poor targeting (i.e. the degree to 
which the project successfully served poor households as 
defined by that cut-off set) was assessed by calculation of exclu­
sion error (type 2  error): in other words, what proportion of 
poor households within the target population were not 
served by the project This was calculated as 100-C%, 
where CRp = percentage coverage rate among poor house­
holds, i.e. proportion of poor households that were served. 
We also used these measures to assess targeting: (a) of tenants 
and (b) of households without a toilet. For some analyses we 
also calculated inclusion error (type 1 error) as CRnp — percen­
tage coverage rate among non-poor households, or targeting 
differential TD = CRp -  CRnp; TD gives equal weight to exclu­
sion and inclusion errors; a TD value of 100% means that all
poor households and no non-poor households have benefited; 
a TD value of -100% means that all non-poor households and 
no poor households have benefited (see Ravallion 2009).
RESULTS
Relevance
The relevance of PAQPUD must be judged with regard 
to: (a) the overall goals of the principal funder, the Inter­
national Development Association (the World Bank’s low- 
cost lending arm for the world’s poorest countries) and (b) 
progress towards the Millennium Development Goals for 
sanitation, under which this project was justified. Certainly 
Senegal is a poor country: w ith gross domestic product 
(GDP) per capita of US$1,600 (2009 estimate, CIA World 
Factbook), it ranks 195 of 227 countries worldwide. How­
ever, it is currently classified by the World Bank as low 
middle income, not low income.
In terms of sanitation coverage, Senegal is in fact one of 
the best-performing African countries: the most recent Joint 
Monitoring Programme estimate (WHO/UNICEF 2010) is 
that 51% of the population has access to improved sani­
tation, with Senegal ranking 10th among the 44 countries 
in sub-Saharan Afiica; considering the urban population 
only (as relevant here), 69% of the population has access 
to improved sanitation, with Senegal ranking 4th among 
the 44 countries, behind Angola, South Africa and Botswana 
(with GDPs per capita 5- to 8-fold higher than Senegal). 
Senegal can thus be considered a model of urban sanitation 
among the poorest African countries, and the capital Dakar 
is a particularly striking case, with 82% of the population 
estimated to have improved sanitation as of 2004 (ESAM-II 
census, DPS 2007). Unlike most Afiican cities, Dakar has 
an extensive and well-functioning sewerage system serving 
about 25% of the population, and most remaining house­
holds, even in poorer districts, have pour-flush toilets 
discharging to septic tanks. By contrast, other cities in Sene­
gal have much lower improved sanitation coverage (43% 
according to ESAM-II): major secondary cities such as 
Ziguinchor and Kaolack have notoriously poor sanitation.
Thus it is questionable whether Dakar can be con­
sidered a priority recipient for scarce sanitation funding:
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there are many cities within Senegal and elsewhere in Africa 
with much more pressing sanitation problems. This situation 
is confirmed by our own results, which indicate that the 
great majority of households in the PAQPUD project dis­
tricts (90-100%) already had access to improved 
sanitation, i.e. pour-flush toilet discharging to septic tank; 
and conversely, as discussed in more detail below, a 
high proportion of the minority without toilets did not 
benefit from the project. Most notably, Dakar has several 
districts -  particularly in the département of Pikine -  
which suffer severe flooding for several months of the 
year. One such district is Guinaw Rails Nord (one of the dis­
tricts considered in the present report): flooding leads to 
widespread overflow of septic tanks, so that people fre­
quently contract portable diesel pump operators, who 
pump the contents of overflowing septic tanks directly to 
open drains in the street. In these districts, it makes little 
sense to invest in sanitation improvements before resolving 
the severe problems of flooding and drainage.
An outcome evaluation of the settled sewerage com­
ponent of PAQPUD has been reported previously 
(Norman et al. 2on): this component showed rather poor 
outcome overall, due especially to contract management 
problems which have meant all money has been spent but 
that only five of the projected 11 schemes are operational. 
In what follows we focus specifically on pro-poor targeting 
in three districts in which the sewerage scheme did 
become operational. For comparative purposes, we also 
assess pro-poor targeting in another three districts covered 
by the onsite sanitation component of PAQPUD.
How well did the project target districts?
Was geographical targeting effective: did the project indeed 
serve poorer districts of Dakar, as was the aim at project 
appraisal? According to unpublished ONAS data, the 
onsite sanitation component served a total of about 51,000 
households, and we estimate that about 90% of these house­
holds were in districts {communes d’arrondissement) 
classified by Minvielle et al. (2005) as very poor, while the 
remainder were in districts classified as poor; none were in 
the mostly central districts classified as middle-income or 
wealthy. Likewise the sewerage component of the project 
aimed to serve areas within districts classified as poor or
very poor, including some of Dakar’s poorest commumties 
(although as we have detailed previously (Norman et al. 
2on), only five of the 11 local sewerage networks constructed 
under PAQPUD are currently operational; those that are not 
operational are clearly not pro-poor, but this can be con­
sidered a failing of implementation, not of targeting). Thus 
we consider that the intervention was well targeted at the dis­
trict scale, and this is one of the most important lessons to be 
drawn from this project: as w ill be discussed below, most pre­
vious Afiican sewerage projects have served only relatively 
wealthy districts. In drawing lessons from PAQPUD, how­
ever, it is important to note that Dakar does not have 
extensive extreme-poor informal settlements as seen in 
many other Afiican cities, and that (as detailed above) the 
existing water and sanitation situation is much better in 
Dakar than in most Afiican cities.
Within districts, did the project serve the poorest 
households?
This section considers targeting within each district, with 
respect to wealth cut-offs defined for each district (bottom 
quartile and median), and with respect to other key indi­
cators of need (tenant status and absence of toilet before 
the project).
Table 1 summarises for each district reported-income 
distributions, and exclusion errors considering various defi­
nitions of ‘target’. Estimated exclusion of the poorest 
households in each district (bottom 20%, reported per- 
capita income) was veiy high in the sewerage districts of 
Ouakam and Mbao (81% in both cases), and high in the 
onsite sanitation districts of Guinaw Rails Nord and Grand 
Yoff (61% and 43%). It is important to note that the sewerage 
and onsite exclusion errors are not directly comparable, 
because the sewerage interventions basically aspired to 
serve everyone within a relatively small area, whereas the 
onsite interventions aspired to partially improve coverage 
over a much larger area. Nevertheless, it is clear that in both 
sewerage and onsite districts, there were high exclusion 
errors. As noted below {Reasons for non-benefit), we consider 
that this problem could have been reduced by strategies 
including more accurate within-district targeting, more flex­
ible payment options, and development of better strategies 
for encouraging landlords and tenants to participate.
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We have so far considered exclusion error (exclusion of 
the poorest) as opposed to inclusion error (inclusion of the 
less poor), as our central concern is poor-poor targeting; in 
terms of cost-effectiveness, however, inclusion error may 
also be relevant (see Discussion). Table 1 shows inclusion 
errors estimated for each district considering the target to 
be households with per-capita income at or below the 
Dakar median, and non-target to be households with per- 
capita income above the Dakar median. Inclusion errors 
thus defined were high (between 40 and 100%) in all dis­
tricts except Sam Notaire.
Reasons for non-benefit
Around 50% of households in the settled sewerage districts 
did not receive a sewerage connection; in the onsite sani­
tation districts, over 99% of households did not receive 
any sanitation benefit (though certainly the figures for sew­
erage and onsite districts are not directly comparable, as 
the onsite sanitation interventions were spatially diffuse 
interventions over much larger areas). Why did these house­
holds not benefit?
In the sewerage districts, about 70-75% of non-benefi­
ciary households stated that they would have liked to 
participate but had not been able to, while about 25-30% 
stated that they had not wanted to participate (Figure 1). 
By far the most common reported reasons for not being 
able to participate were inability to afford the fee and/or 
lack of a toilet, though in Ouakam another important 
reason was that the householder was a tenant (and thus 
had not been consulted by the landlord or the landlord 
had refused). Among non-beneficiary households in the 
bottom quintile of per-capita income, the proportion report­
ing either ‘wanted to but could not afford it’ or ‘no toilet’ was 
markedly higher than in the middle and top quintiles (Mbao, 
83% versus 42 and 0%; Ouakam, 43% versus 26 and 10%); 
these differences among reported income quintiles were not 
statistically significant at the 5% level, but this is probably 
attributable to the small sample sizes (resulting from div­
ision of the full sample into income quintiles).
In the onsite districts, over 95% of non-beneficiary 
households stated that they would have liked to participate 
but had not been able to; very few households reported 
that they were not interested in participating (Figure 2). By
94 G. Norman & S. Pedley | Exploring the negative space Journal o f water. Sanitation and Hygiene for Development | 01.2 | 2011
Dion; want
Admin
Not aware
Couldnt afford 
10%
Tenant Coukjrvi afford 
64%
Diani want
A: Sewerage districts, bottom income quintile
Not aware 
80%
A: Onsite districts, bottom income quintile
Coukbil affoid
Didn’t want 
25%
Admm
11%
Couldnt afford 
39%
Not
Tenant
16%
B: Sewerage districts, all income groups 
Figure 1 I Reasons for non-benefit in the sewerage districts (Ouakam and Mbao).
far the most common reported reason for non-participation 
was lack of knowledge of the project. The number of house­
holds reporting that they did not participate because they 
could not afford it was very low in all districts, even 
among households in the bottom income quintile; however, 
we consider that this is probably because in these districts 
the number of households who were unaware of the project 
far outweighed the number of households who were aware 
of the project but could not afford to participate.
Thus in the sewerage districts inability or unwillingness 
to pay was apparently a major cause of non-benefit, despite 
the very heavy subsidy. It is important to note that the 
householder in most cases had to pay not only the connec­
tion fee but also cover the costs of internal connection
6%
Tenant 
'  1%
Admin
9%
Not aware
80%
8: Onsite districts, all Income groups
Figure 2 I Reasons for non-benefit in the onsite sanitation districts (Guinaw Rail, Sam 
Notaire, Grand Yoff).
from their toilet to the new septic tank; and also that we 
are dealing here with a householder report of inability-to- 
pay, not an objective measure. Nonetheless, the high pro­
portion of reported inability-to-pay in the bottom income 
quintile suggests that this is a significant problem that 
should have been addressed in this project, and that needs 
to be addressed in ongoing interventions in Dakar and in 
similar projects elsewhere. Furthermore, the presence of a 
small but non-negligible number of households who were 
unable to participate because they did not have a toilet is 
a clear concern, as this means that the project was tending 
to exclude precisely those in greatest need. How then
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might this problem (exclusion of the poorest households and 
households without existing toilet) have been avoided? This 
question is explored in the DISCUSSION.
DISCUSSION
Pro-poorness of the PAQPUD settled sewerage project
The only World Bank publication to date on the PAQPUD 
sanitation project (Guene et al. 2010) states that the geo­
graphical targeting used in this project generally reached 
the intended recipients, and that inclusion error was low, 
i.e. few comparatively richer households benefited. Our 
results indicate that this positive assessment needs to be qua­
lified. It is certainly true that the PAQPUD settled sewerage 
project achieved better pro-poor impact than most previous 
African sewerage projects (see next section). However, there 
are some concerns about inclusion of richer households, 
and substantial concerns about exclusion of the poorest 
households: in both Ouakam and Mbao over 80% of house­
holds in the bottom 20% of the reported-income distribution 
did not benefit firom the project. PAQPUD’s specific 
geographical targeting of poorer districts and explicit exclu­
sion of wealthier city-centre districts was very unusual for an 
Afirican sewerage project, and is clearly a model to be fol­
lowed; but equally clearly, the very high exclusion error 
(i.e. non-accrual of benefit to the poorest households and 
to households without an existing toilet) is a serious concern 
for a project with explicit pro-poor goals and very high levels 
of subsidy.
The inclusion of richer households is a less serious con­
cern. In view of the nature of sanitation provision in general 
and sewerage provision in particular, it is reasonable to sup­
pose that individuals w ill derive a health benefit not only 
fi-om their own connection to a sewerage network, but 
also from their neighbours’ connections; as a result, the 
more coimections the better, even if  this does mean 
inclusion of less needy households. Independently of this 
public health argument in favour of maximal inclusion, how­
ever, there is an economic argument in favour of minimizing 
inclusion of the non-poor: this was a highly subsidised pro­
gramme, so that subsidy of households that could probably 
pay for their own connection is inefficient. Inclusion
errors (calculated as described in Results) were high 
(between 40 and 100%) in most districts; this ties in with 
the conclusion of Guene et al. (2010) that this was not a 
cost-effective programme.
As noted, though, exclusion error is a more serious con­
cern. How might the PAQPUD settled sewerage programme 
have reduced exclusion error? There are several possible 
solutions here: (1) the project could have maintained the 
existing connection fee for all households (22,000 fCFAss 
US$44) but with improved social marketing to better 
reach the poorest households; (2) household-level targeting 
could have been applied on the basis of means assessment, 
with some sort of stepped subsidy system (e.g. free connec­
tion for the poorest households, connection fees for less 
poor households); or (3) the project could have offered 
free connection for all households in the project areas (i.e. 
100% subsidy). Our findings certainly suggest that Solution 
1 is unlikely to have worked: by far the most common 
reported reasons for non-benefit were inability to afford 
the fee and/or lack of a toilet, or tenancy status, and 
22,000 fCFA is more than median per-capita income in all 
three sewerage districts. Whether Solution 2 or 3 would 
have been more effective depends on the trade-off between 
the costs of household-level targeting and the costs of 
100% subsidy. (Detailed analysis of the projected and 
actual costs of the PAQPUD settled sewerage scheme is 
beyond the scope of the present paper, and w ill be published 
separately. It should be stressed that per-household and per- 
capita capital costs have been much higher than was esti­
mated at project appraisal, and much higher than 
previously published estimates of the capital cost of 
sewerage; considering the four operational schemes only 
around US$2,000-3,000 per household, equivalent to 
about US$190-260 per capita.)
Solution 3 (removing the household connection fee 
entirely, i.e. 100% subsidy for all) would have increased total 
infiastructure investment costs of the PAQPUD settled sewer­
age project by only about 5% (a direct consequence of the very 
high percentage subsidy offered to householders in this project; 
see Guene et al. 2010). There are certainly disadvantages to 
doing this: all else being equal, a 5% increase in costs implies 
a 5% reduction in coverage; furthermore, 100% subsidy is 
likely to minimize any sense of ownership, and leads house­
holders in other city districts to expect 100% subsidy in
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future. Perhaps the most serious concern is that, without a gen­
uine commitment to serving pro-poor households, and in the 
absence of better planning to ensure inclusion of poor house­
holds, this approach would very probably have led simply to 
more subsidy take-up by non-poor households: in other 
words, offering 100% subsidy does not by itself ensure pro- 
poomess. For example: as noted in RESULTS, some non­
beneficiary households did not have a toilet before the project, 
and offering a fully subsidised septic tank and sewer connec­
tion would not have helped them.
It is difficult to precisely assess the costs of improving tar­
geting, i.e. of Solution 2. However, the PAQPUD project as a 
whole had a very substantial budget for communications and 
social marketing (about 10% of the total, i.e. US$4.1 million; 
ONAS 2009); we do not have specific data on allocation of 
this budget to the settled sewerage component, but if  we 
assume that this was pro-rata to the infrastructure investment, 
this was a very significant expenditure of around US$190 per 
targeted household (700 households). In line with this, the 
implementing agency AGETIP contracted large social mar­
keting teams during the construction period: in Ouakam, 
for example, 10 people were employed full-time over a 
period of about a year, with the sole role of mediating 
between the implementing agency and the local community 
(informing people about the project and the possibility of con­
nection, through both community meetings and household 
visits; collecting cormection fees firom people who decided 
they wanted to connect; assisting in the negotiation of 
sewer placements; and assisting in the resolution of disputes 
between householders and contractors). With this extent of 
investment in commimity liaison, it seems likely that it 
would have been possible to implement much more effective 
targeting measures (e.g. fu ll subsidy for the poorest house­
holds and households without toilets) within the existing 
budget, given well-designed procedures. In other words, we 
think this would have been fully achievable within the exist­
ing budget
In fact, we suggest that a more appropriate system 
would have involved a combination of stepped subsidy 
levels and microcredit, offering full subsidy to very poor 
households and households without toilet, and partial sub­
sidy plus option of delayed payment for other households. 
If we suppose that the fu ll subsidy should be available to 
the poorest 20% of households, and if  we assume for the
purpose of this analysis that the cost of this additional sub­
sidy should be borne by the remaining households, this 
implies that the remaining households would have paid 
US$55 rather than US$44. This system is not without diffi­
culties: definition of the most needy 20% of households is 
not straightforward, and requires both clearly defined pro­
cedures and community-level staff who are genuinely 
committed to pro-poor provision. Nevertheless, we consider 
that an approach of this type would have be the most appro­
priate for achieving both high levels of coverage and 
minimising exclusion error.
We also consider that there should have been better- 
defined strategies for ensuring that landlords participated 
in the scheme, so that tenants are not excluded. Such strat­
egies would have to take into account the risk that landlords 
who invest in sanitation w ill then raise their rents, driving 
out the poorest tenants.
The above has considered the settled sewerage com­
ponent of PAQPUD, the central focus of this study. 
However, it is worth noting that in the onsite districts, pro­
ject marketing seems not to have reached many potential 
beneficiaries. I f  funding is insufficient to meet demand 
throughout the project area, it is clearly important to aim 
to disseminate widely and identify those in greatest need.
Pro-poorness of previous African sewerage projects
How does the PAQPUD settled sewerage project compare 
with previous African sewerage projects in terms of pro- 
poomess? We have assessed this through a review of pub­
lished ex-post evaluations of major interventions with a 
sewerage component (World Bank, African Development 
Bank, KfW Entwicklungsbank, EU); results are summarized 
in Table 2. (Unpublished work by GN indicates that these 
four institutions have been the major concessionary funders 
of sewerage projects in Africa.)
Some (7/22) of these evaluation reports are insufficiently 
detailed to provide even a basic understanding of the nature 
of the sewerage component and/or of sewerage component 
outcome in terms of pro-poomess. Beyond this, no general con­
clusions can be drawn: some evaluations are highly 
professional, others poorly detailed and clearly lacking in criti­
cal rigour. Certainly we consider that projects of this 
magnitude should be subject to detailed mid-term and
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ex-post evaluation, and that evaluations should be carried out 
promptly before information is lost. KfW Entwicklungsbank 
and the European Community are interesting models here: 
the brief mid-term evaluations commissioned by these 
agencies are detailed and professional, show clear critical inde­
pendence and are perhaps more useful than ex-post 
evaluations carried out several years after project termination.
Most evaluations (18/22) reported that infrastructure 
construction (networks, treatment plants, etc.) had been sat­
isfactorily achieved. However, 10/22 evaluations reported 
significant concerns about sustainability in terms of cost 
recovery and O&M (operations and maintenance), and sev­
eral others were unclear on this point: of the evaluations 15 
we classified as sufficiently detailed, only six judged finan- 
cial/O&M sustainability to be likely.
The great majority of evaluations reported concerns about 
low connection rates: in other words, in most projects sewer­
age infrastructure construction was judged satisfactory, but 
insufficient households connected to the system. Very com­
monly, evaluations note that few poor households 
connected. The 1987 AfDB evaluation of the Port Louis Sew­
erage Project Stage III (Mauritius) states that ‘he sewerage 
system is tmderutilized due to the high costs of connecting 
to residential houses’ a scheme aimed at providing loans for 
sewerage connections ‘roved imsuccessful due to the fact 
that the terms of the loan are very hard’ the evaluation con­
cludes that ‘most residents in the project area would like to 
be hooked onto the sewer system but cannot afford the necess­
ary financial outlay’. The 2008 World Bank evaluation of the 
Urban Sector Rehabilitation Project (Tanzania) states that 
little investment was made by the project (or others) to 
extend sewerage networks in the eight towns of this project, 
so that there was little increase in coverage (‘from about 10 
percent of the population in 1996 to about 14 percent in 
2006’); the evaluation explicitly reports that the sewerage 
investment did not serve low-income households in Dar es 
Salaam, and indeed reports that ‘community consultations’ 
for this project were carried out exclusively among house­
holders already connected to the sewerage network. The 
2005 KfW evaluation of the Eldoret Sewerage Project 
(Kenya) states that most connections were in the city centre, 
and only about 5% of households in poor districts were con­
nected in 2008, despite expansion of the network into these 
areas; connection costs were reported to be very high.
Also relevant to pro-poomess is whether a sewerage pro­
ject also has components relating to onsite sanitation. In 
particular, it w ill often make sense for a sewerage project to 
include provision for the management and treatment of night- 
soil and sludge from non-sewered sanitation facilities: 
examples include sewered or non-sewered sludge collection 
tanks for dumping of nightsoil/sludge from desludging tan­
kers; designed and managed dumping points for dumping of 
sludge directly to a sewer main; and treatment plants designed 
for both sewerage and tanker-transported sludge. Properly 
conceived and substantially funded, we consider that such 
components can be of great value; though of course there is 
a danger that components of this type w ill be included as 
token justifications of a sewerage project that is otherwise 
not significantly pro-poor. In fact only three of the projects 
reviewed by us included components of this type: all three 
were relatively recent projects, and we consider that integrated 
implementation of sewered and non-sewered sanitation inter­
ventions should and w ill increasingly become the norm.
It is therefore clear that few previous sewerage projects in 
African cities have served poor communities effectively. 
Nonetheless, some projects -  including the Dakar project -  
have had some pro-poor impact. The next section discusses 
ways in which future sewerage projects might achieve genu­
ine pro-poomess.
Recommendations for Increasing pro-poorness
Drawing on this specific analysis of the PAQPUD project, 
and on the wider review of previous sewerage projects in 
African cities, a number of lessons can be drawn.
First, though, we note that it is outside the scope of the 
present report to discuss when sewerage can be an appropri­
ate and pro-poor sanitation solution for African cities: we 
have discussed this in more depth in previous publications 
(see e.g. Norman & Chenoweth 2009). Certainly, in many 
contexts sewerage is not an appropriate solution: health 
w ill often be more cost-effectively impacted though improve­
ments in non-piped facilities and systems. Sewerage is most 
likely to be cost effective in high-density urban habitats, and 
particularly in cities with an existing and reasonably 
well-functioning sewerage system (e.g. Dakar, Nairobi), 
such that network extension to serve poor settlements may 
be achievable at relatively low cost.
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This report focuses on pro-poomess. Project appraisals 
of sewerage projects typically cite pro-poorness as a goal, 
but without detailed consideration of how this w ill be 
achieved. For example, the 2006 AfDB project appraisal 
for the Accra Sewerage Improvement Project states that 
‘the immediate beneficiaries w ill be the urban and peri­
urban population in Accra of about 1,467,839 (49.5% 
of the 2020 Accra population), majority of whom are 
poor'; but in fact this project w ill provide sewers only 
for wealthy and institutional districts, with no parallel 
investment in collection and treatment of faecal sludge 
(Norman 2009b).
If  a sewerage project is being considered, the appraisal 
stage should assess very carefully whether it can be genu­
inely made pro-poor. We would suggest that intemational 
financing institutions (including major donors and the con­
cessionary arms of the development banks) should only 
finance sewerage projects is they are genuinely, substantially 
and primarily pro-poor: they should not be subsidising 
sewerage network constmction in wealthy/institutional 
city-centre districts, and should be financing wastewater 
treatment plants only if  these are genuinely and substantially 
beneficial to the city’s poorest communities.
We suggest that ways of achieving pro-poomess are as 
follows:
(1) Better geographical targeting at the macro level (i.e. 
deciding which countries/cities to target). Donors and 
intemational financing institutions often choose 
locations on the basis of likelihood of ‘success’ rather 
than degree of need; the World Bank in particular has 
a policy of targeting aid at countries judged to have a suf­
ficiently strong institutional fi’amework to support aid 
spending (for a useful review, see Riddell 2007 
pp. 231-235) .There are certainly arguments for this 
approach, in general and in the particular context of 
urban sanitation; but also contra-arguments (again see 
Riddell 2007). In our view, Dakar was not an appropriate 
location for major donor funding for sanitation: this 
money could have been more effectively spent else­
where in Senegal or elsewhere in Africa.
(2) Good geographical taigeting at the within-city level (dis­
trict-level targeting), as seen in the PAQPUD project. 
Despite within-district variation in wealth levels, most
cities have well-defined socioeconomic zoning, with weal­
thier and institutional districts typically much better 
served than poorer districts and especially informal settle­
ments. It is worth noting that sewerage wiU rarely be 
appropriate for low-density peri-urban districts; it w ill gen­
erally be a candidate solution only for districts with high 
population density, whether city centre or peri-urban.
(3) Well designed household-level targeting. We do not agree 
with the judgement of PAQPUD’s planners that house- 
hold-level targeting was unnecessary and non-cost- 
effective: our results clearly show that, despite the high 
overall coverage levels achieved by PAQPUD, coverage 
among the bottom income quintile was poor. This pro­
gramme was massively subsidised (beneficiaries of the 
settled sewerage programme bore only about 5% of the 
total investment cost): poor coverage among the lowest 
income groups might be justifiable in a marketing-based 
programme in which the aim is to leverage household 
finance and catalyse a self-sustaining and aspirational 
sanitation market; but it is not justifiable in a programme 
with heavy subsidy of household investment. In our 
opinion, projects like PAQPUD require careful planning 
to ensure that the neediest households w ill benefit (nota­
bly very poor households, households with particularly 
inadequate existing sanitation, and poor tenants).
(4) Low-cost network cormection solutions, including sewer­
age from condominiums and related strategies for 
reducing the cost of local coimections to a sewer main, 
as summarised by Norman &  Chenoweth (2009). The 
technical solution adopted in the PAQPUD project was 
settled (solids-free) sewerage, which is certainly a 
lower-cost solution than conventional solids-transporting 
sewerage if  septic tanks are already widely installed (as 
in Dakar). Low-cost cormection solutions may signifi­
cantly reduce the cost of cormection, making 
cormection more affordable to householders. However, 
it is important to stress that short-term cost-reduction 
strategies (such as use of cheaper construction materials 
or community construction) may be false economies; see 
Norman &  Chenoweth (2009).
A desire to target poorer households should not over-ride
other relevant targeting concerns: in the PAQPUD project a
small minority of households had no toilet at the start of the
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project, and very few of these households benefited. Tenancy 
status and other social indicators of need (e.g. single-mother 
households, the elderly) may also be relevant.
As suggested previously (Norman 2009a), sanitation 
planners may wish to consider an interesting hybrid sol­
ution, namely sewer connection of public toilets with 
associated sewered holding tanks, allowing for deposition 
of locally collected nightsoil/sludge. If properly planned 
and managed, this approach can potentially offer an effec­
tive and financially self-sustaining model for sanitation 
improvement in very poor settlements, at the same time 
allowing for future household connections to the sewer 
line. An approach of this type is currently being 
implemented by the Nairobi Water and Sewerage Company 
in areas of the Kibera slum in Nairobi.
Finally, we stress that it is important for there to be 
detailed and independent evaluation of the pro-poomess 
of sewerage projects, with the particular goal of avoiding 
the ‘connections problem’. Properly designed mid-term 
evaluations w ill perhaps be more useful than ex-post evalu­
ations: these provide rapid feedback within a short enough 
timescale to allow modification of programme implemen­
tation, and this may allow problems to be corrected, not 
merely reported. It is important to independently assess 
how many people benefited, not just accept nominal con­
nection rates supplied by the project agencies; and it is 
important to consider the complexities of each particular 
project: for example, in the present evaluation it was essen­
tial to take into account not just whether each household 
had received a sewer-connected interceptor tank, but also 
whether the household had made the within-plot connec­
tion from their septic tank to the sewered interceptor tank. 
Finally, is important to sample from the whole target popu­
lation, not just nominal beneficiaries, and it is of particular 
interest to assess reasons for non-benefit.
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